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THE NUTRITIONAL VALUE OP TELANG LIVERS'

PAUL h. PAVCEK, EDWARD J. HERBST AND C. A. ELVEHJEM

Department 0/ BiocJievlistry, College of Agrienlture^ University of TPiscOJistn, Madison

TWO FIGURES

(Received for publication January 24, 1945)

Telangiectasis in cattle livers bas been noted since 1900 and bas been

tbe subject of various reports (Sebote, ’36, and Carta, ’38). The ab-

normality is cbaracterized by dark red or purplish depressed areas

beneath tbe capsule of tbe liver which vary in size from a few milli-

meters to 15 mm. in diameter. On gross sections, tbe dark areas can

be seen distributed through tbe entire liver, although in some cases

only one lobe may be involved. The dark areas are soft and spongy

and are usually engorged with blood.

It bas been reported by Smith ( ’40) that nearly 3% of all beef livers

inspected each year in the United States are condemned for telangiec-

tasis. In tbe meat packing industry tbe common name of these livers

is telang livers. Only a few suggestions as to tbe possible pathogenesis

of the condition are available. Experiments at Kansas State College

(’40) disclosed a high incidence of telang lesions in the livers from
cattle fed high fat rations. Frederick ( ’43) pointed out that the inci-

dence of telangiectasis tends to be greatest in steers which have been

on highly concentrated fattening rations for extended periods of time.

The experiments to be reported in this paper were undertaken with

the aim of establishing tbe nutritional value of these livers and pos-

sibly to cast some light on tbe pathogenesis of the condition. Feeding
tests and certain chemical and vitamin analyses were made on repre-

sentative samples of both normal and telang livers.

IIINEBAL AND PROXIMATE COMPOSITION

Twenty-six livers exhibiting severe telang lesions and thirty-three

normal livers were selected for the analytical rvork. Tbe fat content
was determined by ethyl ether extraction of dried samples from each
liver. The telang livers showed a range of 19.7 to 27.6% while the

* Published with tbe approval of the Director of the Wisconsin Agricultural Experiment
Station. Supported in part b)' a grant from the National Live Stoch and Heat Board.

Copyright. 1945
The Wistar Institute of Anatomy and Biolosy.

All rights reserved.
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2 P. L. PAVCEK, E. J. HERBST AND C, A. ELVEHJEM

normal livers contained from 15.0 to 21.3% of fat. No significance is

attaelied to tliese vaiiations in fat content. Tlie iron content of the
telang livers ranged from 27.5 to 35.0 mg. and the normal livers from
21.0 to 24.0 mg. per 100 gni. of dry matter. The copper values for the
telang livers showed a wider variation from 2.0 to 13.8 mg. per 100 gm.
dry matter and were somewhat lower than those for the normal liver

7.0 to 16.0 mg. per 100 gm. The higher iron content of the telang livers

may have been due to the blood held in the telangiectatic lesions.

VITAMIN CONTENT OF LIVERS

Carotene and vitamin A. In the same series of twenty-sis telang

livers, carotene values ranged from 0.2 to 2.15 mg. per 100 gm. of fresh

material. The normal livers showed a comparable spread of 0.25 to

2.0 mg. per 100 gm. Of twenty-six telang livers assayed for preformed
vitamin A (Davies, ’33), eighteen of them had vitamin A values of 10

to 60 mg. per 100 gm. In contrast to this, only one of the thirty-three

normal samples had an especially high content, 55 mg., and the major-

ity of the samples contained less than 10 mg. per 100 gm. of fresh liver.

Ascorbic acid. Vitamin C determinations by the indophenol tech-

nique (Mindlin and Butler, ’38) indicated that both normal and telang

livers contained about the same Concentration, i.e., 15 to SO mg. per

100 gm. of fresh tissue.

Choline. Determination of this substance in the dried livers was

made eolorimetrically after precipitation of the choline as the rein-

eekate. Values for both types of liver were in the narrow range of

1500 to 1600 mg. per 100 gm. of dried material.

Pantothenic acid. The microbiological method for assay showed

telang and normal livers to contain from 14 to 18 mg. per 100 gm. on

the diy weight basis.

Niacin. Microbiological assay for this factor demonstrated that both

types of liver contained between 40 and 50 rag. per 100 gm. of dried

liver.

Biotin. Assays for this compound were also made microbiologically.

The one sample of dried telang liver tested had a biotin content of 0.34

mg. while a normal liver assayed at the same time contained 0.63 mg.

per 100 gm. It is doubtful whether this variation has any significance.

FEEDING EXPERIMENTS WITH FRESH, NORMAL AND TELANG LIVER

Preliminary work on the selection of a suitable laboratory animal to

studv the growth promoting etfect and possibly toxicity of telang liver

as compared to normal beef liver, indicated that the rat was most de-
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sirable. Dogs, cats, chicks and monkeys were also investigated as

possible experimental animals.

These early studies revealed that rats could he maintained from

weaning to maturity, without any deleterious effects, on rations con-

sisting of fresh normal beef liver supplemented only -with 50-100 mg.

of calcium carbonate per day. However, it was observed that certain

telang livers fed under identical conditions were quite toxic to weanling

rats. Animals fed these livers failed to grow, developed severe paraly-

sis of the front and hind quarters which %’ery shortly progressed until

the front legs were useless. This paralysis together with bone frac-

tures was observed in 7 to 10 days and the animal usually died within

3 weeks unless the liver feeding was discontinued. These observations

suggested that the telang liver contained a specific toxic substance, not

present in normal beef liver. Preliminary results (Herbst et al., ’44)

indicated a relationsliip between the toxicity and the high vitamin A
content. The following experiments were carried out to stud}' this

relationship further.

IVeanling- Sprague-Dawley male albino rats (40-50 gm.) were used

to assay forty-eight different telang livers. The livers were obtained

from the Oscar klayer Co. of Hadison and from "Wilson and Co., Chi-

cago. They were received in a frozen condition and immediately stored

at 0°P. Large representative samples of each liver were ground and
stored at all times under freezing conditions to prevent spoilage. The
degree of telang lesion formation was recorded for each liver. If the

lesions comprised about one-half the total liver area, the liver was
graded “"Very Extensive Lesions”; if the lesions were quite numerous
but made up less than one-half of the liver area, the grade “Extensive
Lesions” was applied- if the lesions were scattered and limited to

only a small part of the total liver area, the liver was graded “Slightly

Marked”.

The ground liver was placed in the food cups in the frozen condition.

The excess was washed out of the cups on the following day and fresh
frozen liver was again fed. Fifty to 100 mg. of calcium carbonate were
added to the liver fed each rat to correct the undesirable Ca : P ratio

(about 1 : 16) existing in beef liver. Two drops of halibut liver oil (di-

luted 1 : 5 with corn oil) were fed to each rat per week to insure an
adequate intake of vitamin D.

Seventeen normal beef livers, obtained from a local butcher shop,

were assayed for toxicity under conditions identical to those that

existed during the telang liver assay.
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The effect of the aclclitioii of 25 and 50% of fresh normal liver to

toxic telang liver was studied. Equal portions of three normal livers,

that had proved non-toxic in previous feeding experiments and of

three toxic telang livers were ground together and thoroughly mixed.

Mixtures of the same livers containing 25% of normal liver and 75% of

toxic telang liver were prepared in a similar manner.

Each of the six mixtures was fed to weanling Sprague-Dawley male
rats

;
three control rats received the undiluted toxic telang liver. Sup-

plements of calcium carbonate and halibut liver oil were fed and in

general the conditions that existed during the assay of the livers for

toxicity were maintained.

RESULTS

The results of feeding the forty-eight telang livers, three of which

were graded as “Very Extensive”, twenty-six as “Extensive” and

nineteen as “Slightly Mai-ked”, can be summarized as follows: The

livers with the extensive or very extensive lesions usually showed

toxicity and in a few cases designated as “Slightly Marked” also pro-

duced the typical paralysis.

Fig. 1 We.inHng rat fed a toxic telang liver plus calcium carbonate ad libitum. The

typical paralysis of the legs is e«dent.

The extreme brittleness of the leg bones appearing in the animals

fed telang liver designated as toxic was the most constant symptom

observed. Pi'actures, often multiple, occurred usually in the tibia of

the rear legs and in the radii and ulnae of the forelegs. When frac-

tures occurred in the bones of the forelegs, the legs became ttvisted and

the animal would crawl about on the deformed limbs. Figure 1 shows



TE1.AXG LIVEES 3

an animal typical of tliose wliicli liacl been on tlie toxic telang liver diet

for 7-10 days.

Growth failure alwa3’s preceded tlie bone fragilitj’. If tbe liver feed-

ing was continued after the onset of the symptoms the animals died,

usually within a week. Eespiratory involvements were evident in those

animals that succumbed to telang liver toxicity. The affected animals

would breath laboriously and bloody discharges were often observed

around the nostrils. Paralysis of tbe hind legs was quite common and

enuresis occurred frequenth’.

V)

Z

Fig. 2 Growth curves of male nibhio rate on fresh toxic telang-normal beef liver mixtures.

(1) Keccivcd equal portions of normal liver and toxic telang livers.

(2) Keceived 25% normal liver and 75% toxic telang liver.

(3) Beceived 100% toxic telang liver.

Arrows indicate time at which bone fractures occurred.

Post mortem examination of the animals revealed severely congested

lungs indicating that death may have been due to pneumonia. The
livers were unusually j’ellow hut ail other organs were normal. Since

fatty livers were also observed in animals fed normal liver and non-
toxic' telang liver, this observation is not of great significance.

None of tbe seventeen normal livers assaj'ed proved toxic to wean-
ling rats. All animals fed calcium supplemented normal liver as tbe

sole dietary grew extremely well and in no case were sj'mptoms of

bone fragility observed.

Tbe results of one experiment in which mixtures of toxic telang liver

and normal liver were fed to weanling rats are shown graphicallv in

figure 2. Growth and toxicity data in two additional experiments were
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quite similar to the results iilustrated. Weanling rats were completely
protected from the toxic effects of telang liver if their rations con-
tained 50% of normal beef liver. The inclusion of 25% of normal liver

did not afford complete protection. However, the onset of the sjmip-

toms of bone fragility was delayed and growth was considerably better

than in the ease of the animals fed 100% toxic liver.

VITAMIN A TOXICITY EXPERIMENTS

The literature contains frequent reports of the toxicity of large

dosages of vitamin A to laboratory animals and humans. These studies

have recently been reviewed by Josephs (’44).

An almost constant feature of hypervitaminosis A in rats is the de-

velopment of multiple spontaneous fractures of the bones of the ex-

tremities. The close similarity of these symiitoms to those observed in

rats fed toxic telang liver suggested that excessively high stores of

vitamin A might be present in certain of the abnormal livers.

The studies referred to above on the comparative vitamin A content

which to date have involved over 100 samples of telang and normal

beef liver, disclosed that the abnormal livers were consistently higher

in vitamin A potency. It was impossible to establish a correlation be-

tween animal toxicity and the vitamin A storage in every liver studied

since toxicity data were not available for all the samples assayed.

To illustrate the correlation which existed between the toxicity of

certain samples of telang liver and their content of vitamin A, several

livers of varying vitamin A content were fed to weanling rats. Total

vitamin A intakes of the rats were calculated from the vitamin A po-

tency of the liver and the amount ingested per rat per day. Data on

six telang livers, two of which were to.xic and four non-toxic, are sum-

marized in table 1.

TABLE 1 ^

Summary of vitamin J content ant) toxicity of telang livers.

DESCRIPTION’ OF
RATION' ^

VITAMI?! A
COKTENT OF

LIVER

INTAKE OF
VITAMIN A
PER RAT
PER DAY 2

DAYS REQUIRED
TO PRODUCE

RONE fractures

OROWTJI
OF RATS

l.V./IOO ffm. I.U. gm.fu'ftk

Telang liver, no. 43 121,000 22,990 7 0

Telang liver, no. 44 132,000 25,080 T 0

Telang liver, no. 4o 68,400 12,996 No fractures 15

Telang liver, no. 46 50,800 9,652 No fractures 20

Telang liver, no. 47 45,200 8,588 No fractures 29

Telang liver, no. 48 59,000 11,210 No fractures 26

' E.^cll rat received a daily supplement of 50-100 mg. of calcium carbon.ate.

'E.aily intalic of vitamin A calculated from food consumption data.
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As fm-tlier demonstration tliat the toxic symptoms manifested by

hone fracturing were related to the high intake of vitamin A, halibut

liver oil • and also crystalline vitamin A alcohol “ were fed as supple-

TABLE 2

The loxicity of cn/staUine vitamin A anti hahvcr oil supplements to treanhng rats.

TOTAn IXTAKf.
OF VITAMIN A/
bat/day*

D\YS REQUIRED
TO rRODUCE

SOME FRACTURES

GROWTH Or RATS
IA’03(./lVEEK

Rat number Rat number

1 2 3 12 3

1. Fresh telang liver, no. 47

plus 5 drops corn oil 8,588 31 39 13

2. Fresh telang liver, no. 47

plus 10 drops corn oil 8,588 31 33 33

X Fresh telang liver, no. 47

plus 10,000 I.U. of

crystalline vitamin A 18,588 11 14 11 8 14 3

4. Fresii telang liver, no. 47

plus 10,000 I.U. of

vitamin A as halivor oil 18,588 11 11 7 5 3 17

5. Fresh telang liver, no. 47

plus 20,000 I.U. of

crystalline vitamin A 28,588 7 8 3 2-4 2

6. Fresh telang liver, no. 47

plus 20,000 I.U. of

vitamin A as haliver oil 28,588 7 7 6 1 _17 _13

7. Stecnbock stock ration

plus 20,000 I-U. of

Crystalline vitamin A 20,000 11 8 3 23 .3

8. Stecnbock stock ration

plus 20,000 I.U. of

vitamin A as haliver oil 20,000 7 12 24 15 0

‘ Supplements of corn oil .and lit.iniiii A to Hver and stock rations .are

take per rat.

in trims of daily in-

All animals fed liver rations received daily supplentcnt of Sfl-lOO mg. of calcium carbonate.
* Vitamin A supplied by ration plus supplement.

ments to rats in doses reported to be toxic by Josephs (’44). These
supplements were fed at levels calculated to furnish 10,000 and 20,000
I.U. of vitamin A in addition to the amount furnished hy the basal diet
of fresh telang liver. The sample of liver chosen for the basal diet was

‘Supplied by Abbott Laboratories, North Chicago, 111. Tlie oil contained 60,000 I.U. of
\*itamin A per gram.

’ Obt.Tined from Distillation Products, Inc., Rochester, N. V.
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sample number 48 wbicb previous assay (table 1) bad indicated to be
non-toxic. Tbe bigb vitamin A supplements were also fed in conjunc-
tion with a natural ration (Steenbock Stock Ration). Three animals in

each group were used to establish tbe toxicity or lack of toxicity of tbe

supplemented ration. Tbe results of this series of experiments are

given in table 2.

These data reveal that tbe toxicity of a liver and its vitamin A con-

tent are closely related. Furthermore, the amount of the vitamin in-

gested by rats which succumbed to tbe paralysis was in excess of the

toxic dosage of 15,000 I.U. per daj’^ reported by Josephs (’44).

The results of the experiments with crystalline vitamin A alcohol

and halibut liver oil supplements, summarized in table 2, have definitely

identified the telang liver toxicity as a hypervitaminosis A.

The toxic effects of vitamin A supplements and of telang liver were

identical. Bone fractures were observed in sixteen of the eighteen ani-

mals fed vitamin A supplements approximately equivalent to the intake

of the vitamin by weanling rats on toxic telang liver rations. The two

animals that failed to show symptoms of bone brittleness resisted the

feeding of vitamin A supplements and did not always take the entire

dose. All the constant sjnnptoms observed in rats fed telang liver

(growth failure, respiratory involvements, etc.) were reproduced in

the animals receiving toxic doses of vitamin A.

DISCUSSION

It is clear from the results reported in this paper that the toxic ef-

fects resulting from the ingestion of very high amounts of telang liver

are due to the accumulation of extra amounts of vitamin A in these

livers. At present it is impossible to decide whether tbe telang liver

lesions are the result of the abnormal storage of vitamin A or the in-

creased storage is related to a distui-bance in the stj-ucture of the liver

due to other causes. The high vitamin A content makes the telang

liver more valuable from a sti-ictly nutritional point of view since a

level high enough to produce hypervitaminosis A would never be used

in ordinary rations.

The toxic dosage of vitamin A for growing rats which we have set at

approximately 20,000 l.V. per day agrees favorably with the work

reported by Rodahl and Moore (’43) and Josephs (’44).

SUMMARY

Telang and normal livers were quite similar in their content of

carotene, ascorbic acid, choline, pantothenic acid, niacin, biotin and of
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fat. The iron content of the tetang livers was about 50% higher than

observed in normal livers. The copper content of the two types of

liver showed wider fluctuations but wore of the same order.

About 20% of fresh telang livers tested were toxic to weanling rats

receiving the calcium supplemented liver as their sole dietary. The

symptoms observed in the affected rats were growth failure, paralysis

and multiple spontaneous fractures of the bones of the extremities.

The toxicity of certain telang livers was due to their abnormally

high stores of vitamin A. When these livers supplemented only with

calcium carbonate were fed to rats, the daily intake of the vitamin was
in excess of the toxic dosage of 15,000 I.XJ. per day. Equivalent amounts

of crystalline vitamin A alcohol or of vitamin A supplied by halibut

liver oil produced identical symptoms of toxicity when fed to weanling-

rats.
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BIOMICROSCOPY OF THE EYES IN EVALUATION
OP NUTRITIONAL STATUS. CONJUNCTWAL

CHANGES ‘

K. K. ANDERSON AND D. F. MILAM
Korth Carolina State Board of Health and Duke Hniversity School of Medicine, Durham

(Received for publication February 8, 1945)

During a survey of the nutrition status of a rural population of

Wayne County, North Carolina, comprising 120 white families and SO

Negro families, with a total of 1,010 individuals (Milam and Anderson,

’44), a study was made to determine whether there was any correlation

between the severity and incidence of conjnnctival changes detected in

these persons by means of a slit lamp, and the level of vitamin A in

their diet and in their blood plasma.

That vitamin A deflcienoy produces conjunctival changes character-

ized by xerosis, xerophthalmia, and kei'atomalacia has been recognized

for many years. Kruse ( ’41) has described certain conjunctival changes

occurring in 95% of a poor income group. These changes he considers

as diagnostic of vitamin A deficiency. He observed clearing of these

lesions in nine oases after prolonged therapy with very large doses of

vitamin A (100,000 units daily for 6 months or more). Berliner (’42)

has criticised Kruse’s findings, stating that what Kruse calls Bitot

spots are really pingueculae, and differ essentially from true Bitot spots

in having the epithelium intact. Certainly Kruse’s description more
closely fits pingueculae than the usual description of Bitot spots. Kruse
reported the highest incidence in older age groups, while true Bitot

spots are said to be most common in children. Berliner (’43) could

find no conjunctival changes in infants who were on a deficient diet

and whose blood vitamin A values were well below normal; and he
found such changes in persons with normal blood values. He believes

that the changes described by Kruse are essentially degenerative-

changes associated with age and that pingueculae may be genetically

determined.

*The studies and observations on whicli this paper is based were conducted with the support
and under the auspices of the International Health Division of The Bockefeller Foundation in

cooperation with the North Carolina State Board of Health and Duke University School of
Medicine.
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Pett ( ’43) gave vitamin A for 3 months to thirty-two patients having
conjunctival opacities and observed clearing in four of them. Sixty-

three controls showed no change. Either the majority of the cases

were not due to vitamin A deficiency or the period of therapy was not
sufficiently prolonged.

Krnse divided his conjunctival lesions into three main types : those

with gross spots, others with gross signs hut no spots, and a third class

with signs apparent only by hiomieroseope. We have divided our cases

into three approximately similar groups, referring to them as severe,

moderate, and mild. However, it did not seem that the preseiice of a

discrete spot was always the best criterion of severity; and occasional

cases with small, grossly visible spots hut with otherwise moderate or

mild changes were put in the moderate groups and similarly, cases

without discrete spots hut with marked changes throughout a large

portion of the conjunctiva were included in the severe group. When
there was a question as to grouping, we tried to err on the side of con-

servatism, placing the case in a milder rather than a more severe group.

RESULTS AND DISCUSSION

Table 1 presents a comparison of blood vitamin A with conjunctival

changes. In neither the white nor the colored group is there any indi-

cation that low blood vitamin A values are correlated with the presence

of conjunctival changes. The lower values in the younger age group for

those with mild changes are not significant from a statistical standpoint.

Where values for all ages are combined there is a definite tendency for

the blood values to be highest in those individuals with conjunctival ab-

normalities, a tendency which greatly decreases when the data are

broken down into age groups. This is probably due largely to the fact

that both blood vitamin A values and the severity of conjunctival

changes tend to increase with age. It will be seen that the incidence of

conjunctival changes shows a regular progression with increasing age

to a point where a conjunctiva without changes in an adult is the ex-

ception.

Conjunctival changes appear to be more common in the Negroes than

in whites, particularly in the younger age groups. In adults the inci-

dence is so high in both races that the total incidence is not greatly dif-

ferent, but the severe grades are definitely more common in Negroes

than in whites. This is in spite of the fact that in the families examined

the average blood vitamin A values for the two races were not greatly

different (whites, 95 I.U.; Negroes, 92 I.U.), and the dietary vitamin

A, including carotene (white, 4,850 I.U.; Negroes, 5,540 I.IJ.), as well
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as Wood carotene (white, 286 I.U.; Negro, 422 I.TJ.) was definitely

higher in the Negroes.

Table 2 presents a comparison of average daily vitamin A intakes

with the conjunctival changes. Again there is no evidence of correla-

tion with the incidence or severity of the conjunctival changes. Since

the avCTage vitamin A intake approaches the daily allowance recom-

mended hy the National Eesearch Council, one would not expect an

incidence of lesions of vitamin A deficiency as high as the incidence of

conjunctival changes enconntered in this study.

We realize that the exact interpretation of blood vitamin A values

is still doubtful and that the Wood values are hy no means invariably

correlated with the presence or severity of the clinical lesion. Probably

even more than with dietary intakes, however, it would seem logical to

expect some correlation between Wood values and the signs of avita-

minosis in a rather large group of persons. That correlation of both

Wood and dietary vitamin A with the conjunctival lesion is absent im-

pairs seriously the validity of the view that a conjunctival lesion is

evidence of vitamin A deficiency.

The inaccuracy, lack of sensitivity, and cnmbersomeness of most of

the present methods of evaluating nutritional status is fully recognized.

We therefore feel some disappointment that slit lamp examination of

the eyes has not thus far, in our experience, served as useful a purpose
as was at first hoped.

SUMMABT

In a nutrition survey of a population gi’oup numbering 1,010, no cor-

relation was observed between the severity and incidence of conjuncti-

val changes detected with the slit lamp, and the level of vitamin A in

the diet or in the blood plasma.

The frequency and severity of conjunctival changes were greater in
the Negro than in the white.

LITERATURE CITED
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BIOMICEOSCOPy OF THE BYES IN BVAHUATION
OF NUTEITIONAJ^ STATUS. COBNEAL

VASCULAEIZATION

'

B. K. ANDERSON AND D. F. MILAM
iVortfc Carolina State Board of Jtealth and Duke University School of Medicine, Durham

(Beeeived for publication February 8, 1945)

There is good experimental and clinical evidence that certain vitamin

deficiencies produce pathological changes in the superficial structures

of the eye. Vascularization of the cornea in riboflavin deficiency in rats

was demonstrated by Bessey and IVolbaeh (’39) and in humans by

Sydenstricker et al. (’40).

Although few students of the problem seriously doubt the production

of corneal invasion by riboflavin deficiency, the specificity of this sign

has been seriously questioned by recent work. Sandstead (’42) was
unable to produce regression of corneal vasculai’ization with large

doses of riboflavin (13 mg. daily for 60 days). Scarborough (’42) ob-

served no improvement under riboflavin therapy except in persons

with other evidence of deficiency disease. Youmans et al. (’42) found

no correlation of corneal vascularization with dietary intake of ribo-

flavin or with other probable signs of riboflavin deficiency. Machella

and McDonald (’43) saw some temporary improvement under ribo-

flavin therapy, but all their patients relapsed even while riboflavin

was being taken. Pett (’43) observed a high percentage of clearing

under riboflavin therapy (5753) but noted also a large percentage of

clearing in the control group (4253). TisdaU et al. (’43) reported

definite improvement in the majority of patients with severe degrees

of invasion. Their study was made with aviators subjected to rather

unusual light conditions; the severe cases which they treated were
possibly more likely to have been caused by riboflavin deficiency than
the milder degrees more commonly seen.

Subsistence of humans on diets presumably deficient with regard to

riboflavin has not been observed to result in corneal vascularization.

‘ The studies and observations on which this paper is based were conducted with the sup-
port and under the auspices of the International Health Division of The Eockefeller Founda-
tion in cooperation with the North Carolina State Board of Health and Duke University
School of Medicine.
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18 E. K. AEIDERSON AND D. F. MILAM

Sebrell and Bntlei’ (’38, ’39) in their production of clinical riboflavin

deficiency in man did not observe corneal changes; Boehrer et al. ( ’43)

were unable to find corneal vascularization in six persons who received'

only 0.47 mg. of riboflavin daily in their diet for a period of 5 weeks, al-

though one of the control subjects developed this condition, which
persisted for 5 weeks in spite of a normal diet and 9 mg. of riboflavin

daily. Williams et al. (’43) failed to observe vascularization or other

evidence of riboflavin deficiency in four patients who had subsisted on
a diet containing 0.21 mg. riboflavin per 1,000 cal. for 288 days.

Vail and Ascher ( ’43) emphasize the presence of a normal pericorneal

plexus of vascular arcades and believe that much of the so-called

corneal vascularization is only engorgement of this normal pericorneal

plexus. They prefer the term “concentric collateral vessels.” They
observed a higher incidence of this condition in patients taking a good
diet than in those taking a poor one. They observed true corneal in-

vasion only in patients with evidence of previous corneal disease. They
feel that to regard “concentric collaterals” as a specific sign of ribo-

flavin deficiency does not seem justified, although it might be a factor

in some cases.

Corneal vascularization has been observed in several other deficiency

states, namely vitamin A deficiency (Bessey and Wolback, ’39), trjipto-

phan deficiency (Trotter and Day, ’42; Albanese and Buschke, ’42;

and Albanese et al., ’43), lysine deficiency (Trotter and Day, ’42), zinc

deficiency (Follis et al., ’41), sodium deficiency (Follis et al., ’42), and

deficiency of an unidentified component of the vitamin B complex

(Gyorgy et al., ’42). Corneal vascularization has also been reported

to be produced by administration of thallium (Ginsberg and Buschke,

’23) and of large doses of nicotinic acid (Gregory, ’43). The question

of the validity of corneal invasion as a measure of riboflavin deficiency

has been the subject of several recent reviews (Nutrition Reviews, ’43,

’44).

Because of the accessibility of the superficial eye structures, their

examination by means of the slit lamp or biomicroscope has been rec-

ommended, particularly by Kruse (’42), as a convenient and accurate

method of detecting mild degrees of deficiency of riboflavin and vita-

min A.

In connection with a survey of the nutritional status of the popula-

tion of the rural section of Wayne County, North Carolina, which was

carried out between July 1942 and June 1943, and included 120 white

families and 80 Negro families (a total of 1,010 individuals), we made

slit lamp examinations of the eyes of all persons who were capable of
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cooperating in sucli a test. TMs paper discusses the incidence of cor-

neal vascularization in these persons, as compared with their ribo-

flavin intake. A report of the general aspects of the survey has been

published elsewhere (Milam and Anderson, ’44). The families included

in the survey were selected on the basis of statistical principles to

represent correct proportions from geographical areas and from racial

and economic groups.

METHODS

The persons given the slit lamp test were, as a rule, over 4 years old,

since satisfactory examinations of this kind were usually not possible

in children under that age. From a 7-day food intake record on each

person, the daily average intake of the various nutrients was calculated.

Corneal invasion was classified as follows

:

1. Increased vascularity, and engorgement of the limbic plexus,

with some capillaries just appearing to cross the sclero-corneal junc-

tion. We have found it difiicult to be certain always of the exact loca-

tion of this junction, capillaries at times appearing to be in the cornea

when the slit light was directed at one angle and in the very thin portion

of sclera at the margin of the cornea when the light was at a ditferent

angle. Vail and Ascher (’43) have emphasized the fact that the final

vessels may appear to be in the corneal tissues when they are really

only in the transparent tissue that forms the conjunotivo-soleral wedge.

There have been included in this group 1, however, only those cases

where the capillaries appeared quite definitely to cross the scleral

margin. ,

2. Invasion of the cornea by capillaries to a considerable distance,

but with penetration less than a fourth of the distance from the edge

of the cornea to its center.

3. Invasion of the cornea by capillaries to a distance between a
fourth and a half that to the center of the cornea.

4. Invasion of the cornea by vessels half or more of the distance to

its center. Only one case with this degree of severity was seen in the

survey.

The degree of penetration of the blood vessels is not the only meas-
ure of the severity of corneal vascularization. Certainly the extent of

the periphery of the cornea involved and the amount of proliferation

and engorgement of vessels is also of importance. For purposes of

classification, however, the degree of penetration seems to be the most
reliable and useful criterion.
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RESULTS AND DISCUSSION

. Data concerning the incidence of corneal invasion for various age
groups of the white and colored persons, as compared with their mean
riboflavin intake were obtained (table 1). It will be noted that there is

no correlation between the riboflavin intake and the incidence or sever-
ity of the corneal invasion. The one white adult female with grade 3

invasion did have a low riboflavin intake; but no great significance

can be attached to this one case, particularly when persons with even
lower intakes were found in all the other groups. The incidence of in-

vasion in the white persons is high in all age groups, the least incidence

being in adult males and the highest in the 10- to 15-year age group, al-

though the significance of these ditferences may be questioned.

The most striking feature apparent in a comparison of the two

classes is the markedly lower incidence of corneal invasion in the Negro.

As among the whites, the highest incidence in Negroes is in the 10- to

15-year age group and the lowest is in adult males. We have no ade-

quate explanation for this difference in incidence between Negroes and

whites. Youmans et al. ( ’42) also observed the markedly lower inci-

dence in the Negro and suggest that this relative freedom from corneal

invasion may be related to their pigmentation. One factor in the adult

group may be the higher incidence of arcus senilis in the Negro. In

our survey this lesion appeared about eight times as frequently in the

Negro as in the white. Sydenstricker et al. ( ’40) have commented on

the absence of corneal invasion in persons with an arcus, and ive have

had the same experience. However, the incidence of an arcus in our

study was not sufficient to have any great effect on the incidence of

vascularization. One wonders whether the marked diffei’ence observed

by Vail and Ascher ( ’43) in the incidence of vascularization in Cincin-

nati (45%), as compared with that in Birmingham (13%), may not

have been partially due to the greater Negro population in the latter

region.

There is a greater difference in the mean riboflavin intakes for the

various groups of Negroes than for the groups of whites, due partially

at least to the small number of cases in some of the positive groups.

However, none of these differences could be shown to be statistically

significant.

Although the number is too small to permit conclusions, it may be

significant that the three Negroes with grades 3-4 invasion had low in-

takes of riboflavin. We feel that in the absence of definitive eye disease,

the severer grades of invasion are much more likely to be caused by
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riboflavin deficiency than the milder types so commonly seen. However,
many persons with still lower intakes had no invasion.

The one person with grade 4 invasion also had an angular cheilosis

suggestive of riboflavin deficiency. Twelve other persons seen in this

suryey had angular cheilosis suggestive of riboflavin deficiency. Of
these, 50% had no vascularization of the cornea and the rest had grade
1 only. We do not consider that cheilosis is a pathognomonic sign of

riboflavin deficiency, but we believe that it is more likely to indicate

such deficiency than is corneal invasion. Unfortunately, conditions in

this survey were not favorable to a therapeutic test, but in other work
we have seen persons without corneal invasion who had rather severe

angular cheilosis which responded to riboflavin therapy. We have also

seen persons with both cheilosis and corneal invasion in which the

cheilosis responded to riboflavin therapy and the invasion did not.

There were nineteen white and nine colored persons who showed

tongue changes suggestive of vitamin B complex deficiency. Of the

nineteen whites, seven had grade 1, four had grade 2, and one had

grade 3 corneal invasion
;
the rest had none. Eight of the nine colored

pei’sons were examined by slit lamp. Six showed no invasion, one

showed grade 1 invasion, and the other had grade 2 invasion.

We do not doubt that riboflavin deficiency can produce corneal in-

vasion and that in some instances, along with other evidence of ribo-

flavin deficiency, this sign may furnish confirmatory evidence of the

deficiency. However, it appears doubtful whether any very large per-

centage of cases, particularly those of milder degree so commonly seen,

are due to the lack of riboflavin. We realize that there are many un-

avoidable errors encountered in the taking and calculating of diet rec-

ords and that even if the diet record is entirely accurate, the recent

dietaiy intake does not always reflect the previous intake responsible

for the avitaminosis. Nevertheless, in_ a large group of individuals,

some correlation between the presence' of an avitaminotic lesion and

the dietary intake is to be expected. Its complete absence in the per-

sons included in our study casts doubt on the value of corneal invasion

as a measure of riboflavin deficiency in population groups. The addi-

tional fact that there was no correlation between corneal invasion and

other physical signs usually considered as suggestive of riboflavin de-

ficiency, also leads us to doubt the diagnostic value of corneal invasion

as the sole criterion of riboflavin deficiency. The development of cor-

neal vascularization on diets low but not exceedingly low in riboflavin,

as in this study, may well depend on the presence or absence of other
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conditioning factors -wliich were not recorded in this study. The search

for such factors -would he an enterprise -well -worth while.

SUMMABT

In a nutrition survey of a rather large population group, no corre-

lation could be found hebveen corneal invasion and the level of ribo-

flavin in the diet. There was also no correlation with other signs sug-

gestive of riboflavin deficiency.

Corneal invasion, was fo-und to be much more frequent in the white

race than in the Negi'o race.
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The present report is based on a study of retention of thiamine,,

riboflavin and nicotinic acid in the preparation of overseas smoked

hams and bacons. Those hams and bacons were more heavily salted

than the ordinary commercial products to prevent deterioration in

shipping to the armed forces. The study was undertaken to study

vitamin retention after soaking and cooking of these cured meats ac-

cording to the directions issued by the Office of the Quartermaster Gen-

eral. A study of vitamin losses in cooking of regular commercially

cured hams has been reported by Schweigert, Meintire and Elvehjom

(’43).

EXPEKIMENTAL

Five overseas hams, weighing 13-14 lbs. each, were prepared ac-

cording to the army directions and samples taken for analysis at each

step. Care was taken to obtain each time at least two large representa-

tive samples from each ham. Three of the hams were prepared as whole

hams, two as sliced hams. The directions for soaking and cooking were

as follows

;

Whole ham. Scrub, scrape or brush to remove mold. Trim as neces-

sary (weight). Cover ham with warm water and, let soak over night.

Drain. Einse salty sediment from kettle. Cover ham with water. Bring
to boiling point, then simmer for at least 3 hours, chanpng the water at

end of each hour. Einse salty sediment from bottom of kettle each
time. During final hour of cooking, add 1 pound of sugar to water in

which ham is simmering, Eemove ham from water. Skin. Serve boiled,

baked, sliced and fried. Baked ham: Place ham in pan, fat side up.

* Tins study -was conducted with the cooperation of and published ivith the approval of
the OfBce of the Quartermaster General, and waa supported by the Committee on Food Com-
position of the National Research Council and the Nutrition Foundation, Inc.

Published with the approval of the Monographs Publication Committee, Oregon State Col-
lege. Research paper no. 92, School of Science, Department of Cliemistry.
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After frying sliced ham, Schrreigert et al. (’43) found a retention of

86, 77, and 85%, respectively, of thiamine, riboflavin, and nicotinic acid,

and 7-10% more in the drippings. Since the slices ve used for frying

had already lost part of their vitamin content in previous soaking, or

soaking and boiling, it is difficult to compare the present results with

their figures. However, it can he seen from the data of table 1 that

although the final vitamin retentions for fried ham were low, the actual

percentages lost in the frying alone are only from 12-17% for thiamine,

0-8% for rihoflamn, and 6-11% for nicotinic acid.
,

The soaking of sliced bacon removed 48, 22, and 58% of the original

thiamine, riboflavin, and nicotinic acid content, respectively. Frying

had little further effect on the riboflavin content but destroyed a little

more nicotinic acid and most of the thiamine. Only 20% of the original

thiamine remained which is comparable to the 13% retention reported

for one sample of ordinary bacon by Lane, Johnson, and Williams

(’42). However, the 72 and 30% remaining of the riboflavin and nico-

tinic acid respectively are quite lower than the values of about 100%
retention for these vitamins reported by Cheldelin, Woods, and Wil-

liams ( ’43) on unsoaked samples. The major portion of the loss of these

two vitamins shown here was in the preliminary soaking. A small part

(only a few per cent) of the nicotinic acid was present in the drippings,

hut no thiamine or riboflavin was found.

SUMMARY

The thiamine, riboflavin and nicotinic acid contents of heavily salted

overseas hams and bacons were studied at different stages of cooking.

Average retentions of thiamine, riboflavin, and nicotinic acid after

soaking and boiling of whole haras were 72, 79, and 79%, respectively.

Subsequent frying reduced the remaining vitamins to 55, 67, and 687o,

respectively, whereas after baking the comparable figures w'ere 50, 79,

and 71%. Only a small part (few per cent) of any of the vitamins were
found in drippings of the baked ham.
Soaking of sliced ham left only 59, 85, and 58%, respectively, of the

original thiamine, riboflavin, and nicotinic acid contents. Retentions
after frying these slices were 47, 78, and 52%, while after baking 47,

68, and 47%, respectively, of the thiamine, riboflavin, and nicotinic acid
were found.

The losses of these vitamins on soaking of overseas bacon were large,
leaving only 52, 78, and 42% of the original thiamine, riboflavin, and
nicotinic acid. The amounts of these vitamins remaining after frying
were 20, 72, and 30%, respectively.
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Recent world conditions have given a considerable impetns to the use

of legumes as a source of dietary protein. Because of this their vitamin

content has become of interest, A review of the literature disclosed cer-

tain definite gaps in our knowledge of the B-vitamin content of legumes,

With the exception of soybeans, blackeye peas and peanuts very few

data are to be found ;
especially is this true of riboflavin values, and to a

lesser extent of niacin values. Moreover, some of the results recorded

may be considered questionable, since the analyses were performed

before the introduction of the more accurate chemical and microbiologi-

cal procedures. In view of this a study has been made to determine

the riboflavin, niacin and thiamine content of dried leguminous seeds us-

ing recent and improved methods.

Some of the moi-e important papers on the vitamin content of legumes

appearing in the literature are presented by Pixsen and Roscoe ( ’38),

Booher and Hartzler ( ’39), Munsell ( ’40, ’42, ’43), Halverson and Sher-

wood (’40), Kelly, Dietrich and Porter (’40), Higgins, Holley, Pickett

and IVheeler ( ’41), Sherman ( ’41), Booher, Hartzler and Hewston ( ’42),

Teply, Strong and Elvehjem (’42), Burkholder (’43), Russell, Taylor
and Beuk (’43).

EXPBRIMENTAl,

Samples of dried, unprocessed legumes were obtained from Agronomy
Departments of many universities throughout the United States, from
seed dealers, and on the open market. All samples wore ground in a
Wiley Mill using a 1-mm. sieve. Each sample was analyzed for ribo-

flavin, niacin and thiamine. Two different methods were used for de-

termining each vitamin in one sample of every variety of legume.
Greater confidence is placed in the value obtained for a vitamin assay,
if the results from two methods for determining the vitamin do not vary
by more than 10%.

* The evilhoTs ate indebtei to SwiJt and Companv for a grant in support of this work.
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Tile riboflavin methods used were the fluorometric method of Hodson
and 'Norris (’39), as modified by Scott (’43) and the microbiological

procedure of Snell and Strong (’39), The extraction of the sample for

the microbiological procedure was done by digestion with takadiastase

and papain according to Cheldelin, Eppright, Snell and Guirard (’42).

To free the aqueous extracts of fatty material, a petroleum ether ex-

traction was carried out at a pH of 6.7, followed by autoclaving and
filtration before placing the aliquots in the assay tubes. Inconsistent

and high results were obtained unless the extracts were absolutely

clear.

In the determination of niacin the microbiological method of Snell

and Wright (’41) and the chemical procedure of Dann and Handler
( ’41) were used. The extracts for the microbiological method wei'e pre-

pared hy the same procedure as that used in the riboflaidn assay. The
medium was modified to include 2 pg. per tube of p-aminobenzoic acid,

as suggested by Isbell (’42) when using charcoal-treated casein hy-

drolyzate. Low blanks were obtained by ivashing the Labco casein with

alcohol, refluxing for 20 hours with cone. HCl and treating with Darco

G-60 for 2 hours. In the chemical procedure the extracts were com-

pletely colorless before the addition of cyanogen bromide.

The methods used for the determination of thiamine were the

thiochrome and the yeast fermentation procedures. The thiochrome

method was that proposed by the Research Corporation Committee on

the Thiochrome Method, D. J. Hennessj’’, Chairman (’42). The fermen-

tation method of Schultz, Atkin and Frey ( ’42) ivas used with the fol-

owing modification.

The unknown solution was run at two different levels, along with two

other tubes containing the same levels of unknown which had been

treated ivith sodium sulfite to destroy thiamine. Two micrograms of

thiamine were added to each of the sulfite blanks, in order to bring

the amount of gas produced within the same range as that of the un-

known. Two standard tubes containing 2 and 4 pg. of thiamine, respec-

tively, were used. The difference between the sulfite blanks was sub-

tracted from the difference between the two levels of unknown, thus

giving the gas produced by thiamine alone in a given amount of sample.

These results agreed well with the values obtained by the thiochrome

method.
RESULTS AND DISCUSSION

A comparison of the results obtained by using two methods of analysis

for each of the vitamins is presented in table 1. There is excellent

agreement in all cases. The average percentage differences between the
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methods for rihoflavin, niacin and thiamine, respectively, are 2.67, 2.97

and 4.48. No definite positive or negative deviation in any of these sets

of data was observed.

In view of these comparative data.'it was thought justifiable to use

only one method for the routine analysis of each vitamin. Scott’s modi-

fication of the Hodson and Norris fluorometrio method for determining

riboflavin was chosen because it requires less time than the microbiolo-

gical method, and because it eliminates the need for the removal of sub-

TABLE i

Comparison of resulfs ofefoined ty i \£0 methotU of analysis for ribo/!avtn, ntocin and thiamine,*

RIROTI.A\nK NIACIN THIAMINE

SAMPt-E Fluoro-
metric

lllero-
bio-

logical

Differ-
ence

Micro-
hto-

loeical

Chem-
ical

Differ-
ence

Thio-
chrome

Yea«t
fermen-
tation

Differ-
ence

ua-lom HO./om. Vo 110 /om. no /am fig./am. na./om. %
Red kidney henns 2.1G 2.08 3.70 25.8 25.8 0.00 5.90 6.24 5.45

White marrow beans 1.58 1.62 2.47 25.9 26.2 1.15 5.42 6.85 7.35

Pea beans

Pobust 1.89 1.80 1.59 29.9 30.4 1.65 4.78 4.37 8.58

Michelite 1.74 1.67 4.02 27.1 27.1 0.00 0.34 6.35 0.16

Great Northern beans 1.90 1.88 1.05 18.2 19.2 5.21 7.85 8.78 10.59

Yelloweye beans 1.78 1.72 3.37 24.8 23.8 4.03 9.00 9.26 2.70

Pinto beans 2.1G 2.20 1.82 17.7 18.0 1.67 7.16 6.80 5.03

Lima beans

Baby 1.75 1.76 0.57 26 3 27.8 5.40 6.52 6.80 4.12

Fordhook 1.70 1.65 2.94 23.0 22.4 2.61 3.66 3.92 6.63

Large flat 1.70 1,72 1.16 22.1 23.7 C.75 4.00 4.34 7.83

Blackeye peas 2.08 2.12 1.89 28.8 28.1 2.43 5.56 5.86 4.96

Soybeans

Chief 3.02 2.96 1.99 25.8 26.4 2.27 10.62 10.45 1.60

Bichland 3.58 3.39 5.31 34.8 35.7 2.52 12.53 13.66 8.27

jranchu 3.92 3.95 0.76 37.0 36.4 1.62 9.95 10.00 0.50

mini 3.15 3.09 1,90 23.4 24.4 4.10 11.10 11.00 0.90

Bansei 3.50 3.68 4.89 29.8 30.3 1.65 7.64 7.85 2.68

Split peas

Yellow 1.59 1.70 6.47 28.4 28.9 1.73 6.86 7.47 8.17

Green 1.74 1.75 0.57 36.2 37.1 2.43 8.01 8.15 1.72

White kidney beans 1.93 1.85 4.15 31,2 30.2 3.21 0.34 0.32 0.32

Cranberry beans 2.58 2.60 0.77 24.4 25.2 3.17 5.61 5.47 2.50

Pink beans 2.43 2.36 2.88 19.8 19.8 0.00 8.10 7.78 3.95
Black turtle soup beans 2.53 2.65 4.53 21.5 23.3 7.73 5.78 5.45 5.71

Red Mexican beans 2.25 2.34 3.85 18.2 18.5 1.62 8.12 7,43 8.50
Peanuts

Runner 1.55 1.5T 1.27 151.0 144.0 4.64 9.80 9.40 4.03
White Spanish 1.46 1.52 3.95 150.0 358.0 5.0C 8.47 8.52 0.59

Lentils 2.56 2.60 1.54 25.6 26.8 4.48 0.93 6 69 3.46

Average S.67 Average S.97 Average 4.48

'Values are given for one sample of each variety of legume.



34 LOUISE DANIEL AND L. C. NORRIS

stances wliicli interfere with the microbiological assay. In the course

of 'the preliminary work on niacin, it was difficult to obtain agreement
between the two methods when determining the niacin content of Great
Northern and lima beans. There was less variation among replicates

determined by the microbiological method than those obtained by the

chemical procedure. Therefore, the microbiological method was se-

lected for the routine analysis for niacin. The thiochrome method was
decided upon for thiamine because more samples could be analyzed in

a given iieriod of time than by the fermentation method, since the fer-

mentometer available for tliis study was a small model.

TABLE 2

Bibofiavin, niacin and thiamine content of dried tegnmes, as obtained.

KO OF *AVKn*
AOE BIDOriiAViy yiAcry TKIAMIN’E

I'tjES 1 MOIS-
TGUt:

Rantre Averairo Ranjre Averntre Ranee Average

Red kidney beans 12

%
8.88

ua-/om.

1.86-2.38

SO/arn.

2.15

M'/om.

21.1-30.6

nO'/gm.

25.9

UP./fftn. ' up./gm.

4.18- 8.60 6.37

White marrow beans 6 9.44 1.55-1.87 1.66 23.4-30.3 26.1 5.02- 8.48 6.08

Pea beans

Robust 5 5.54 1.74-1.89 1.79 26.5-29.9 28.7 4.78- 8.46 6.30

Michelitc 4 6.90 1.66-1.74 1.70 26.4-34.4 29.1 6.02- 7.70 6.56

Great Northern beans 9 6.50 1.84-2.08 1.95 16.6-21.9 19.7 7.00- 9.60 8.24

Velloweye beans 5 6.99 1.71-1.89 1.80 21.4-26.7 24.8 6.11- 9.00 7.40

Pinto beans 5 7.06 2.16-2.39 2.23 17.7-27.5 21.8 6.42- 7.05 7.18

Lima beans

Baby 8 7,74 1.47-2.11 1.74 20.5-26.3 22.7 3.66- 6.52 4.86

Fordhoofc 4 9.50 1.59-1.85 1.71 20.5-23.0 21.7 3.00- 3.93 3.57 .

Large flat 4 9.77 1.70-1.74 1.72 19.7-22.1 21.1 4.00- 4.78 4.35

Blackeye peas 0 6.53 2.05-3.04 2.28 24.6-29.5 27.6 5.52- 6.80 5.92

Soybeans

Chief 5 4.08 2.98-3.61 3.29 25.8-35.6 29.3 7.06-11.20 9.52

Richland 6 4.62 3.02-3.58 3.24 24.4-34.8 28.2 7.05-13.80 10.36

Manehu 5 5.30 2.98-3.92 3.32 19.3-37.0 24.6 6.24- 9.95 8.03 '

mini 4 3.64 3.11-3.59 3.24 23.4-28.0 25.3 9.17-11,10 9.88

Bansei 5 6.11 3.01-4.12 3.45 26.0-35.3 29.2 7.41- 9.88 8.25

Split peas

Yellow 5 8.62 1.52-1.67 1.60 28.4-33.9 31.5 6.37- 7.11 6.92

Green 5 8.25 1.64-1.78 1.72 33.3-36.9 35.8 6.62- 8.34 7.56

White kidney beans 2 6.54 1.93-1.98 1.96 31.2-33.7 32.5 6.34- 6.84 6.59

Cranberry beans 2 6.24 2.39-2.58 2.49 24.4r-24.S 24.6 5.51- 5.61 5.56

Pink beans 3 5.56 2.39-2.44 2.42 19.3-20.1 1.9.7 8.10- 9.05 8.68

Black turtle sonp beans 2 7.20 2.53-2.54 2.54 20.7-21.5 21.1 5.70- 5.78 5.74

Red Mexican beans 2 6.73 2.25-2.34 2.30 17.9-18.2 18.1 8.12- 8.40 8.26

Peanuts

Runner 5 2.63 1.55-1.92 1.65 151.0-167.0 157.4 7.18-10.97 9.05

White Spanish 3 2.93 1.46-1.73 1.64 128.0-158.0 136.3 7.32- 8.47 7.86

Lentils 3 9.47 2.56-2.64 2.60 22.9-25.6 24.6 6.15- 7 67 6.92

' Each sample ivas obtained from a different source.



B VITAmNS IK liEQUMES 35

The results of the study of the riboflavin, niacin and thiamine content

of leguminous seeds conducted by these methods are presented in table

2. In general, the values agree ivell with much of the data appearing in

the literature. The average riboflavin content of legumes is rather con-

sistent, ranging from 1.6 pg./gm. for yellow split peas and peanuts to

3.3 for soybeans. In the case of niacin there is little variation except for

peanuts. Most legumes average between 18.1 pg./gm. for Eed Mexican

beans and 35.8 for gr-een split peas. Peanuts are an outstanding ex-

ception, being one of the most potent natural sources of this vitamin,

averaging 136 and 157 pg./gm. for white Spanish and runner peanuts,

respectively. The average thiamine content of legumes falls within the

range of 3.6 and 10.4 pg./gm. Lima beans of the Pordhook variety con-

tain the least and soybeans the most.

No strilsing varietal differences are found, certainly not among the

varieties of pea beans and lima beans. The greatest variation occurs in

the niacin content of soybeans, split peas and peanuts.

Prom the results of this study it can he concluded that legumes are

an excellent source of thiamine, and a good source of niacin and ribo-

flavin. With a few exceptions, the greatest amount of all three vitamins

is found in the soybean, thus substantiating its high status in the list

of foods.

sommabv

A study has been made of the riboflavin, niacin and thiamine content

of dried leguminous seeds. Seventeen varieties of legumes were an-

alyzed. Two different methods were used for determining each vita-

min in one sample of every variety of legume. Excellent agreement was
found in all cases. The routine methods used were the fluorometric

method for riboflavin, the microbiological method for niacin and the

thiochrome method for thiamine.
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Developments in experimental nutrition during tbe past decade liave

shown.that the nutritional requirements o£ one species cannot he pre-

dicted from data available on other species and that the symptoms of

a deficiency of the same nutrient in various animals may be markedly

different. It is of interest, and perhaps unexpected, that the require-

ments of the chick for biotin (Hegsted et ah, ’42), eluate factor (Hogan

and Parrot, ’40; Hutchings et ah, ’41), and nicotinic acid (Briggs et ah,

’43), as Avell as the other members of the B-complex, appear to be quite

similar to those of the monkey (Day, ’44; Waisman and Elvehjem, ’43),

at least more similar than are the requirements of the rut and dog for

these nutrients. Nutritional studies on many species are highly de-

sirable, not only from the comparative standpoint, but also because they

may find application in unexpected fields.

Only two avian species have received extensive study. At the present

time, the nutritional requirements of the chick are fairly well defined.

Studies on the turkey are not so complete, but the requirements for

some of the vitamins and minerals and for protein can be given ( Com-
mittee on Animal Nutrition, National Kesearch Council, ’44). Although
the duck has been widely used as a host for experimental malarial infec-

tions, a search of the literature reveals only a few scattered references

to the nutrition of this species. Pappenheimer and Goettsch ( ’34) have
shown that vitamin E deficiency in the duck results in muscular dystro-

phy. Biotin deficienev and pantothenic acid deficiency have also been pro-
duced in the duck (Trager, ’43) incidental to another study. The biotin

> The work described in this paper was done under n contract recommended by the Committee
on Medical Research between the Office of Scientific Research and Development and Harvard
University.

* Supported in part by a grant-in-aid from the John and Mary R. Markle Foundation.
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deficiency was produced by the inclusion of rasv egg white in the ration

while the pantothenic acid deficiency was produced by feeding a heated
ration. Although a heated ration of the type used is primarily low in

pantothenic acid, it has been shown that for the chick it also contains

insufficient amounts of several other factors (Waisman et ah, ’42).

As far as we are aware, no studies have been made with the duck
using purified rations. We were interested in this species for studies on
the relation of nutrition to malarial infection in a susceptible species

and from the standpoint of a study in comparative nutrition. The
studies reported in this paper define fairly well nutritional requirements

of the duck and show that in general they are qualitatively similar to

those of the chick.

EXPERIMENTAL ’

Day-old white Pekin ducklings were used in all of these studies.

Immediately after receipt from the hatchery, they were placed in heated

cages equipped with raised-screen bottoms which were 22 inches square.

From two to four ducks per cage have been used, but groups of two are

preferable if growth approaches optimum. Food and water were al-

lowed ad libitum. In most of the studies reported here, the birds re-

ceived no food other than the experimental ration which was supplied

as soon as the ducks arrived. In more recent work, however, they have

usually been fed commercial duck pellets or chick mash mixed mth
water for the first 2 or 3 days. This has reduced the high mortality

that occasionally occurred in the first few days.

In the first experiment the birds were fed a purified diet containing

3% liver extract (Dl, table 1). This diet has been used with chicks and

gives good growth in this species. The effect of additional liver extract

and yeast was also tested. With groups of four ducks, the average daily

gain per duck during the first 10 days was as follows : Diet Dl— 14.8

gm.; Diet Dl plus an additional 3% liver extract and 5% brewer’s yeast

-r 17.1 gm. ;
and commercial chick mash— 16.0 gm. The ducks were then

used for studies not pertinent to this paper, but it was apparent that

good growth, although perhaps not optimum, could be obtained mth
Diet Dl.

Another approach was made in experiment 2 by using a highly puri-

fied diet (D2, table 1) as the basal ration. This ration is fairly adequate

for the rat but completely unsatisfactory for the chick. The results ob-

tained with this diet and supplements of 10% gelatin, 3% liver extract,

= The synthetic vitamins tvere supplied hy Merck and Company, Rahway, New Jersey, and the

liver extract was supplied by The Wilson Laboratories, Chicago, Illinois.
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0.5% arginine hydrochloride, and 20 Mg. biotin per 100 gm. in various

combinations are shown in figure 1. As for the chick, Diet D2 is com-

pletely inadequate for growth in the duckling. Biotin, liver extract, and

gelatin all appear to be beneficial. Apparently arginine at 0.5% does

not completely replace gelatin. In further studies in which the effect

of additional casein was compared with gelatin. Diet D2 was supple-

mented with liver extract and biotin (Diet D4). The average weight in

grams after 20 days on this diet (D4) and with supplements of casein

and gelatin was as follows: D4— 390; D4 plus 10% casein— 602;,

D4 plus 10% gelatin— 666. It thus appears that gelatin is superior to

T.IBLE 1

Composi/ioJi of diets.

CONSTITUBKT ni 02 D3 04

% % %
Sucrose 55 70 GO 66

Casein, SMA, “vitamin-free" 20 18 18 18

Salta IV* 5 5 5 5

Com oil 5 4 4 4

CaHP04 1 1 1 1

Cod liver oil 1 2 2 2

Gelatin 7 10

Calcium gluconate 2

Cello flour 1

Liver extract * 3 4

Choline chloride 0.3 0.3 0.3 0.3

Vitamin mixture * -(- f -1- +
Biotin, 15 Mg. per 100 gm +

* Hegsted, D, Mark, E, C. Mills, C. A. Elvehjein and E. B. Hart 1941 CUoUne in the nutrition

of chicks, J, Biol. Chem., yoI. 138, p. 459.

•Wilson ^8 Fraction “h.”
*A mixture supplying 400 /ig, thiamine hydrochloride, 400 Mg. pyridoxine hydrochloride,

800 Mg. riboflavin, 1.5 mg. pantothenic acid, 3.0 mg. nicotinic acid, and 100 Mg. 2*methyl-l,

4-napthoquinonfl and 10 mg. a tocopherol per 100 gm. of ration.

casein in supplementing the ration, and certainly amino acids in addi-

tion to those supplied by 18% casein are required. If the amino acid

composition is satisfactory, however, 20% protein is sufiicient since

the duck pellets which give excellent gi’owth contain only 20.3% crude
protein.

The need for biotin and a factor in liver extract is more clearly shown
in figure 2. The basal diet used in this experiment was the highly puri-
fied Diet D2 plus 10% gelatin and is given as Diet D3 in table 1. The
liver extract used in this experiment was extracted three times with
boiling absolute alcohol to remove biotin. Practically no growth was



40 D. M. HEGSTED AND E. J. STARE

Fig. 1 Tlie growth curves of ducks on the purified diet (D2) only and with various sup-

plements compared to duck pellets. The supplements supplied 10% gelatin, 3% liver extract

(Wilson’s fraction “L”), 0.5% arginine hydrochloride, and 20 pg. biotin per 100 gm.

- Fig, 2 Growth curves of ducks on Diet D3 plus 3% liver extract and 20 pg, biotin per 100

gm. and these supplements together. The liver extract was previously extracted with absolute

alcohol to remove biotin.
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obtained with supplements of either biotin or liver extract alone, but

the combination gave good growth. As in the previous experiment, the

growth is still somewhat less than is obtained with a good commercial

ration. The deficiency symptoms in the groups lacking biotin and liver

factor were not remarkable other than the very poor growth. No signs

of dermatitis were seen in the biotin deficient birds. Those lacking the

liver factor appeared to develop a slight spastic paralysis after the

first few days
;
however they improved spontaneously.

tahue 2

The e;ff'eoi of various supplements on food cons«mp<ion and utilisation.

DIET^ TISfE
GAIN IN
WEIOHT

FOOD
rXTAKR
rm OM.
GAIN

GAtN PER
OM, POOD

dfius OTIV ! Aflu

.. D* 2.1 8.5 0.12

Diet 11 4- 10 goi. gelatin .. 0 4.7 7.9 0.13'

Diet II -f 0.5 gm. arginine + 3 gm. liver extract . . .

.

.. D 10.0 3.0 0.33

Diet II -k 10 gin. gelatin 4- 3 gm. liver extract

Diet II 4- 10 gm. gelatin -k 3 gm. liver extract 4-

.. 0 13.8 2.8 0.35

40 <ig. biotin .. £> 24.0 2.35 0.43

Duck pellets . 0 33.4 1.80 0.55

Diet III .. 35* 7.8 6.9 0.15

Diet III 4* 40 Mg. biotin .. 15 9.5 4.0 0.25

Diet in 4- 3 gm. liver extract .. 16 12.1 3.36 0.30

Diet III 4* 40 Mg. biotin 4" 3 gm. liver extract .. 15 33.5 2.34 0.43

Chick mash .. 15 35.2 2.23 0.45

Duck pellets .. 15 41.0 2.05 0.49

* Supplements given as additions per 100 gm. of ration.

* Experiment 2. From fifth to fourteenth day.
* Experiment 3. From second to seventeenth day.

The effect of the various supplements in the experiments with Diets
D2 and D3 is clearly shown in table 2 in the data on food consumption.
On the basal diets the food was only 12 to 15% efficient (gain in weight
per gram of food), while the duck pellets were 50% efficient. As was
found by weight measurements, the purified ration approaches but does
not equal the results obtained on the commercial rations.

The factors required by the duck which are present in liver extract
are probably the same as those required by the chick. It has been shown
that they are present in an eluate prepared by the treatment of the
liver extract with fuller’s earth atpH 3 and elution with dilute ammonia.
A concentrate of “L. easel factor”* was tried curatively as shoAvn in

* Kindly supplied by Er. E. X». R. Bto^stad, Xicderle Eaboratories, Pearl River, Nerv Tork.
This preparation contained 0.85 mg. of L, casei factor in 17 mg. of solids according to Dr.
Stokstad.
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figure 3. The basal diet in this experiment was D3 plus 40 pg. of biotin

per 100 g-m, of ration, and the curve represents the average weight of

three ducks in the gi'oup. It is apparent that the oral supplements of ' this

concentrate resulted in a marked growth response; larger amounts at

the beginning of supplementation might have made this more marked.
Ducks deficient in the eluate factor show a severe anemia although this

is much less consistent than is the growth failure. Hemoglobin values of

4 and 5 gm. per cent and hematocrit reading below 10%, are observed in

severe deficiency.

Pig. 3 The effect of supplements of L. casei factor on ration D3 plus biotin.

DISCUSSION

The studies reported in this paper indicate that the nutritional re-

quirements of the duck are qualitatively similar to those of the chick.

The duck has a very rapid rate of growth which appears to make it very

susceptible to nutritional deficiencies. In studies on specific deficiencies

to be reported later, it has been found that deficiencies of most of the

vitamins so far studied may be easily produced by the omission of the

appropriate vitamin from Diet D3 pins liver extract and biotin. In

practically all instances the deficiency is clearly evident witbin a week

after the experiment is started.

The very high efiiciency of food utilization noted in these studies has

been found previously. Titus ( '39) gives the pounds of feed required to

produce a live weight of one pound in various birds as follows : 'Wliite

Leghorns, 3.18; Rhode Island Red chickens, 2.53; turkeys, 2.20; and
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\Vliite Pekin ducks, 2.01. It will be of interest to determine wbetber or not

this high efficiency is associated with unu.sual (high or low.) vitamin

requirements.

Certain disadvantages of the duck as an experimental animal are also

apparent. Considerable variation within a group is noted and is at least

as great if not greater than is found with chicks. This together with the

larger amounts of purified ration consumed, greater space requirements

as compared with the chick, and the fact that it is a messy animal to

work with should be recognized.

Good growth on purified rations may be obtained with the duck, but

as with the rat and the chick, it falls somewhat short of that resulting

from the feeding of good commercial rations. With regard to the fac-

tors in liver extract required by the duck, it is apparent that they are

similar if not identical to those required by the chick. Pfeffner et al.

(’43) found that vitamin was the only critical material supplied by

such preparations on their purified chick diet. Hoivever, Briggs et al.

( ’44) state that the eluate factors are multiple, one factor being required

primarily for growth and another for feather development, and suggest

that both of these factors may be distinct from vitamin B,. The ducks

in these studies which were fed the purified rations definitely did not

show as good feather development as those fed the crude duck pellets.

However, this observation is complicated by the fact that the purified

rations arc composed largely of sucrose and are sticky when wet.

The ducks always succeed in getting considerable of this sticky ration

on them, especially around the head and neck. This may be somewhat
irritating and in any event makes a classification of feather development
difiioult. Some feather pulling in these animals has also been noted.

It has been shown previously that the high arginine and glycine re-

quirement of the chick is due chiefly to the amino acids required for

feather formation (Hegsted et al., ’41). Although a requirement of the

duck for glycine has not been shown, the requirement for additional ar-

ginine, above that supplied by 18% casein, is undoubtedly due to the

rapid rate of growth since feather formation is very slight during the

first few weeks of growth. Prom a comparative standpoint, it is also

interesting that the birds deficient in biotin show no external symptoms
comparable to the dermatitis found in the biotin deficient chick (Hegsted
et al., ’40).

SUMMARY

1. The duck is an extremely rapidly growing animal and on an ade-
quate ration gains approximately 40 gm. a day during the first 3 weeks
of life with an efficiency of food utilization of 50%.
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2. Good growth, hut somewhat less than optimum, occurs on purified

diets containing only liver extract as the' crude material. The factor in

liver extract is similar or identical to the eluate factor or factors re-

quired by the chick. As in the chick, a deficiency results in an anemia.

3. The duck is similar to the chick in that additional amino acids

above those supplied by 18% casein are required for good growth.

Gelatin is superior to casein as a source of these amino acids.

4. Biotin is required by the duck. No symptoms other than veiy poor
growth were noted in this deficiency.
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Recent repovts from this laboratory have demonstrated the value of

the monkey as an experimental animal in nutritional research. Wais-

man, Rasmussen, Elvehjem and Clark (’43) described a purified diet

which is capable of maintaining monkeys in excellent health for ex-

tended periods of time, and the use of this diet has made it possible to

study uncomplicated vitamin deficiencies. Studies on “folic acid”

(IVaisman and Elvehjem, ’43), biotin (Waisman, McCall and Blveh-

jem, ’45) and thiamine ("VVaisman and McCall, ’44) deficiencies have al-

ready been reported. A preliminary report has been made on riboflavin

studies with the monkey (Waisman, ’44) and in this paper we wish to

report further observations on this deficiency.

EXPERIMENTAL

The housing, care and handling of the monkeys have been described

pi’cviously (Waisman et ah, ’43). The basal diet (M-2) consisting (in

Jo) of sucrose 73, Labeo casein 18, salts IV 4, cod liver oil 3 and corn
oil 2, was fed ad libitum. The following vitamin supplement was given
daily: thiamine hydrochloride 1 mg., pyridoxine hydrochloride 1 mg.,

calcium pantothenate 3 mg., nicotinic acid 5 mg., choline chloride 25 mg.,

para-aminobenzoic acid 50 mg., i-inositol 50 mg., biotin 20 pg., and as-

corbic acid 25 mg. In addition a norite eluate concentrate prepared
according to Hutchings et al. (’41) was fed equivalent to 5 gm. of “sol-

ubilized liver residue” per animal per day.

* Published with the approval of the Director of the Wisconsin Agricultural Experiment
Station. Supported in part by grants from the National Foundation for Infantile Paralysis,
Inc., New York, and the CommeTclal Solvents Cotp., 'lene Haute, Indiana.

We are indebted to Tiie Wilson Laboratories, Qiicago, Illinoia, for the various liver prod-
ucts and to Merck and Go., Inc., Rahway, New Jersey, for the synthetic vitamins.

45



46 JACK M. COOPERMAN AND OTHERS

The basal diet was analyzed for riboflavin by both the microbiological

method of Snell and Strong ( ’39) as modified by Strong and Carpenter
(’42) and the fluorometric method (Andrews, ’43) and found to con-

tain 0.3 ijg. per gram. Since the results of both these methods cheeked
very well, the fluorometric method was used in subsequent analyses

because it was more convenient. The norite eluate eoneentrate contained

between 1 and 2 qg. of riboflavin per gram equivalent of the original

solubilized liver residue. The maximum amount of riboflavin which each

animal received from this source each day was therefore 10 ug-

As previously demonstrated (Waisman, ’44) the monkeys developed

a “freckled type” of dermatitis in 6 to 8 weeks after being placed on

the basal diet. Soon thereafter large areas of the body became covered

with dark scabs which promptly regressed when riboflavin was admin-

istered. Among the other noticeable changes in the more severe cases

were incoordination in the use of the limbs, faulty grasping I’eflex, im-

paired vision and a scanty hair coat. In two cases graying of the hair

was observed.

Hemoglobin determinations, red blood cell and white blood cell counts

were made on blood drawn from the marginal vein of the ear. Hemo-
globin was determined in the Evelyn photoelectric colorimeter and red

and white cell counts were made in the usual manner.

The hemoglobin level of the blood and the red cell count showed a

decrease about a week after the onset of the dermatitis, and the white

blood cell counts decreased to a lesser extent. The hemoglobin and

red blood cell counts reached the lowest level about 5 weeks later. When
riboflavin was not administered the monkeys eventually died.

In table 1 are shown the blood values for some of the monkeys before

the onset of the deficiency, the lowest values at the height of the de-

ficiency, and the levels reached after 6 weeks of riboflavin therapy.

It is evident that a definite anemia appeared as part of the syndrome

of riboflavin deficiency. The hemoglobin and red blood cells decreased in

approximately the -same ratio indicating a hypochromic, normocytic

type of anemia. The white' cell counts responded to riboflavin therapy

to a lesser extent than did the hemoglobin and red cell counts.

These changes are clearly indicated in figure 1 which shows the blood

picture of a typical monkey. It is interesting to note that the decrease

in weight is not as sharp as in “folic acid” deficient monkeys (Wais-

man and Elvehjem, ’43). This may be partly explained by the fact that

the monkeys never developed anorexia during the course of the de-

ficiency. There is, however, a definite weight response when riboflavin

is administered to the deficient animals.
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One hundred micrograms per day of riboflavin was found to be the

minimal amount which brought about the regression of the symptoms

in all the monkeys. Fifty micrograms had variable etfects, being effec-

tive in the milder cases but ineffective in more advanced cases. One

hundred micrograms generally brought about the remission of the der-

matitis in 10-14 days, although in some cases only 5 days elapsed be-

fore remission occurred.

In several cases it required a week of riboflavin therapy before an

increase in hemoglobin and red cells was apparent but after the initial

lag the increase was rapid.

TABLE 1

Folwes /or the hiooH constituents of mcnlceye before, during and after riboflavin deficiency.

MOSKCT
NO.

nZMOGLOBI); BED BLOOD CELLS \\ HtTE BLOOD CELLS

Betore
defici-

ency

Btirine
defict<

ency

After
therapy

Betore
defici-

ency

Bartne
defici-
ency

After
therapy

Betore
defici-

ency

Barine
defici-

ency

After
therapy

S3 13.4 4.9 10.73 5.5 2.0 3.10 11.0 8.9 10.6

81 13.0 7.72 12,76 6.1 3.02 3.25 11.0 6.09 9.8

82 12.9 8.0 12.41 6.09 1.7 3.80 13.8 11.8 10.0

125 13.11 9.22 12.06 4.30 2.0 3.30 14.6 8.0 12.6

6 13.38 8.63 12,14 4.28 2.7 3.20 14.6 6.2 12.8

13 13.89 5.07 11.37 4.96 1.89 3.70 15.6 11.0 12.6

128 13.50 8.99 12.06 4.52 3.60 3.20 14.7 12.4 9.6

135 13.50 5.54 12.14 4.10 1.90 3.16 11.4 4.6 10.4

166 13.89 6.76 12.76 3.95 2.0 3.25 14.2 9.2 10.0

164 14.28 7.72 11.48 4.30 2.2 3.30 10.0 6.8 9.2

me.

Fig. 1 Effect of riboflavin deficiency on weight, hemoglobin and red blood cell level of typical
monkey, and the response to riboflavin therapy.
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The deficient monkeys were examined wth a slit lamp for corneal
vascularization, and in none of them were any signs of corneal vascu-
lai’ization or opacity evident. In fact some of the control monkeys on a

complete ration showed more vascularization. In 3io case did any
cheilosis or tongue involvement appear.

Liver stvdies

Three of the deficient monkeys were sacrificed and upon autopsy no
gross pathology except yellow livers was evident. The livers were re-

moved, dried, and analyzed for fat. At the same time, livers from two
monkeys which had died of acute “folic acid” deficiency were analyzed

for fat for comioarison. The riboflavin content of the various livers was
also determined, and all of the data are presented in table 2.

TABDE 2

The fat and riboflavin content of the livers of riboflavin deficient and non-riboflavin

deficient inonfccj/s.

ItlllOFLAVlN DEFICIENT NON-EIHOPLAVIN DEFICIENT

MONKEY NO. 57 80 04 32 63

Pat (% dry basis) 20.22 47.01 42.5 23.90 12.75

Riboflavin (ing./lOO gm.

dry b.isis) 3.02 3.27 2.02 8.00 9.00

It will be noted that a distinct fatty liver condition existed m the

riboflavin deficient monkeys. Sebrell and Onstott ( ’38) also noted yel-

low livers in riboflavin deficient dogs. Other workers have claimed that

this is due to inanition rather than riboflavin deficiency. The results

in the ease of the monkey are interesting since riboflavin deficient mon-

keys do not develop anorexia. On the other hand “folic acid” deficient

monkeys do show a reduced food intake and yet the liver fat values are

distinctly lower than the values for riboflavin deficient monkeys. The

reason that the liver fat in monkey 57 is not as high as in the other two

monkeys is undoubtedly due to the fact that this animal was on the de-

ficient diet for a shorter period of time.

The differences in riboflavin content of the livers of riboflavin defi-

cient and non-riboflavin deficient monkeys are noteworthy. The value

for the deficient animals drops to approximately one-third of the value

for non-deficient animals. This corresponds well with the work of Kuhn,

Kaltschmitt and Wagner-Jauregg (’35) and Vivanco (’35) in which

they showed that the body conserves its store of riboflavin, aiid that
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even in rats that die for lack of this vitamin, the amount in the liver,

kidney and heart is still about one-third of the normal level.

Excretion studies

Four of the monkeys were placed in metabolism cages which were

similar to the regular cages except that they are equipped with a funnel-

shaped, metal bottom for the collection of urine. A fine screen was

placed below the regular floor of the cage in order to collect the feces.

Sheets of tin were placed on the screen floors of the metabolism cages

under the food cups to prevent food from falling into the urine. When-

ever the monkeys showed diarrhea the urine samples were disregarded.

The urines were stored in brown bottles with measured amounts of

glacial acetic acid and toluene added and placed in the cold room until

they were assayed. The feces were collected and dried at 45° C. for 24

hours in a vacuum oven. After drying the feces were placed in brown

bottles and stored in the cold room until they were assayed. The fluoro-

metric method of assay was employed.

The riboflavin content of the feces was expressed as micrograms per

dry gram rather than total weight of feces since it was not possible

to remove quantitatively all the feees from the screen floor of the cage.

However, the values obtained I'emained constant regardless of the in-

take or state of deficiency of the animals, the average value being 30 ug.

of riboflavin per gram of dry feces. Since the daily total excretion via the

feces exceeded in most cases the daily intake of riboflavin, it seems ap-

parent that the greater part of the riboflavin in the feces is dependent
upon the synthesis of this vitamin by the intestinal flora. Apparently
most of the riboflavin synthesized by the flora is not available to the

monkey.

aionhei! S3. This animal had been on the deficient diet until dermatitis

and the abnormal blood picture appeared; 100 ;ig. of riboflavin were then
given daily for 20 days. At the end of this period, the dermatitis had dis-

appeared and the hemoglobin and red cell content of the blood had in-

creased. The monkc}’ was then put on a riboflavin deficient diet and the
urine and feces collected during 24-hour periods. The only source of

riboflavin was the basal ration from which the monkey received an aver-

age of 40 Mg. per day. For 2 weeks the daily output of riboflavin in the
urine was relatively high, averaging 60-90% of the intake. After the
third week the average daily output was 12% of the intake and remained
at this level until a single dose of riboflavin was given. At this time
the excretion increased to about 50% of the intake. Shortly after the ad-
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white blood qells 9.7-20.5 thousands per cubic millimeter. Two Indian

workers, Rao and Rao (’40), studying raacacus sinicus reported a large

range in the normal blood picture of the monkey.
Since the diets which the various workers used and the methods of

determination varied greatly, it is difficult to evaluate the results.

Studies in our laboratory on normal, healthy, young monkeys receiving

3% liver powder in addition to the basal ration showed a normal range

as follows : hemoglobin 14-15.5 gm. % ;
red blood cells 4-5.5 millions per

cubic millimeter
;
white blood cells 10-25 thousands per cubic millimeter.

Referring again to table 1 we see that the plateau occurs at a level well

below that which can he considered normal. This plateau occurred after

treatment of every deficient monkey, whether the daily therapeutic dose

was 100, 500 gg, or 1 mg. of riboflavin.

These results indicated that other factors were necessary to produce a

normal growth and concentration of blood constituents. Therefore,

monkey 125, after reaching this plateau, was placed on the basal ration

M-2 plus 3% 1 : 20 liver extract, the liver powder being added at the ex-

pense of the dry part of the ration. After 3 months on this ration there

was no apparent improvement.

The monkey was then placed on the M-2 basal ration for 2 weeks,

after which it was changed to M-2 basal plus 3% whole liver powder.

Witliin a week there Avas a perceptible increase both in weight and blood

constituents. Within 3 weeks the blood hemoglobin level rose from

12 gm. to 14.5 gm. per 100 ml. and the red cell count increased propor-

tionately. A sharp increase in weight also occurred.

Two other monkeys, numbers 53 and 128, Avhich were at the plateau

stage after recovering from a riboflavin deficiency wdre then placed on

the M-2 basal plus 3% Avhole liver substance. In monkey 128 the hemo-

globin increased from a level of 12.4 to 14.7 gm. %. The red cell count

rose from 3.4 to 4.8 millions per cubic millimeter.

After 9 Aveeks on this regimen, the animal Avas returned to the M-2

basal without the liver. The AA^eight continued to increase for about 3

Aveeks at which time it showed a plateau. The blood picture fell more

rapidly than the Aveight and the hemoglobin value returned to 12.3 gm.

% in 3 AA^eeks.

The effect of the Avhole liver sul)stance on monkey 53 is shoAvn in

figure 2. Here agnin a rapid and sharp increase in Aveight, hemoglobin

and red cells content Avas demonstrated. It is also interesting to note

the increase in the Avhite blood cell count. This increase in the blood

constituents and Aveights occurred in every case AAuthout exception Avhen

a monkey having reached the plateau stage Avas given the ration con-
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taining 3% whole liver substance. In a period of 34 months, monkey 53

gained over 2 kg. in weight. It had gained 200 gm. over a similar period

when riboflavin alone was given without the liver. In 1 month’s time

on whole liver substance the hemoglobin increased from a level of 10.5

to 14.6 gm. %, the red cells from 3.1 to 5.1 millions per cubic millimeter,

and the white cells from 11 to 16 thousands per cubic millimeter. Here

again the discontinuance of the liver substance produced a plateau in

both the weight and blood elements and a downward trend after a few

weeks.

Fig. 2 Curve representing effect o£ whole liver powder on weight, iiemoglobin, red and
white celt count in typical riboflavin defleient monkey which allowed a plateau following ribo-

flavin tlierapy.

Scott and coworkers at Cornell ( ’44) reported that pyrido.xine treated
with hydrogen peroxide promoted growth and more particularly hemo-
globin formation in chicks. Accordingly hydrogen peroxide treated py-
ridoxine or “pseudo-pyridoxine” was prepared by the method of Car-
penter and Strong ( ’44) and fed to two monkeys, numbers 128 and 82, at
a level equivalent to 1 mg. of the original pyridoxiiie per day. From fig-

ure 3 it can he seen that the preparation had no effect in monkey.s
82 and 128 on growth or the blood picture over a period of 3 and 4
weeks, respectively.
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nifieant rise of liemogiobin level and red cell count but these increases

do not attain accepted normal values. Sucb monkeys can then be used
as assay animals for tbe factor (or factors) in wbole liver powder
This factor (or factors) is evidently labile since commercial extraction

procedures used to prepare 1 : 20 liver extract and extracted liver residue

from whole liver destroy nearly all activity. Eecently Day and co-

workers ( ’45) reported that injection of highly purified preparations

of the Lactobacillus casei factor resulted in a return of the total white

blood cell and granulocyte counts to normal levels in vitamin M de-

ficient monkeys. However, there was little improvement in the hemo-
globin levels and no weight data were given.- That our factor described

above appears to be different is evident from the fact that the norite

eluate concentrate used in our ration is a rich source of the Lacto-

bacillus casei factor.

SUMJUBV

Rhesus monkeys were placed on a riboflavin deficient diet and after

6 to 8 weeks a loss in weight became apparent and soon thereafter a

freckled type of dermatitis appeared first on tbe face, then on the hands,

legs and groin. Shortly after the appearance of the dermatitis the hemo-

globin, red cells and to a lesser extent the white cell level showed a

decrease, a hypochromic normocytic tj^je of anemia developing. With

the administration of riboflavin growth was resumed, the dermatitis

regressed and the anemia showed some improvement.

Excretion studies showed that normal monkeys excrete riboflavin

daily at the same range as normal humans and that on a deficient diet

the daily output drops to 10-15% of the daily intake. Saturation tests

fail when applied as a diagnostic tool to determine riboflavin defi-

ciency in the monkey.

Patty livers which cannot be explained on the basis of inanition were

demonstrated in monkeys that had died of riboflavin deficiency.

The minimal daily requirement for young monkeys appears to be

approximately 25 to 30 pg. per kilogram of body weight.

Shortly after the administration of riboflavin to deficient monkeys a

plateau wms reached in the values for their hemoglobin, red and white

cells and weights below normal levels. Iron, “pseudopyridoxine,” 1: 20

liver powder, extracted liver residue, and increasing the casein level to

24% proved ineffective in restoring the blood picture and weight to a

normal level. However, a factor (or factors) found in whole liver sub-

stance Avas necessary at a level of 3% of the ration for optimum groAvth

and blood regeneration.
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ONE PLATE (SIX FIGURES)
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Kraus and ilonroe ( ’30) and Levine et al. { ’33) liave sbown that goiter

in the rat is fundamentally a result of iodine deficiency. Levine and eo-

workers have reported that the daily iodine requirement of the rat is

1-2 Mg. The present study was undertaken to determine the iodine re-

quirement of the gi'owing rat on a synthetic ration to which all of the

known dietary essentials were added. Since soybeans are low in iodine

(WilguB, et ah, ’41) and contain high quality proteins (Barnes and

Maack, ’43), soybean globulin was selected for the protein source.

EXPERIMENTAL

Four groups of rats wore used in a 13-week experiment. Each group
consisted of four female white rats which weighed 39-49 gm. and aver-

aged 43.2 gm. at the beginning of the e.xperiment. The rats were al-

lowed to consume the ration ad libitum. Records of food consumption
and of the growth rate were kept.

The low-iodine ration (Teresi, ’43) consisted of: 75 parts recrystal-

lized sucrose, 20 parts autoclaved soybean globulin, 4 parts salts, 5

parts corn oil, 0.6 part cystine, 0.1 part choline chloride. The per-

centage composition of the salt mixture which was prepared from re-

agent grade minerals, follows: CajiPOj)^, 61.0; NaCl, 20.0; KCl, 10.0;

MgSO^-TH.O, 8.0;FeCL-4HA O-TS; CuS04 - 5HA 0.09 ;MnS04 • IKO,
0.09; and ZnSOj, 0.09. The CaaiPO^)™ was purified further by dis-

solving it in reagent grade HCl. After the undissolved particles had
been filtered off, the CajCPOj)™ was precipitated by the addition of

chemically pure NH^OPI to a pH of 4. The precipitated product was
filtered, rinsed with absolute alcohol, and dried at 37° C. for 24 hours.

* Published with the approval of the Director of the Wisconsin Agricultural Experiment
Station.
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These vitamins were added at the following levels per kilogram of

ration : 10.0 mg. calcium pantothenate, 2.0 mg. thiamine hydrochloride,

10.0 mg. riboflavin, 6.0 mg. pyridoxine, and 65.0 mg. alpha tocopherol.

One hundred and twenty mierogTams of ])eta carotene- in Wesson oil

and 250 IJ.S.P. units of crystalline vitamin D in propylene glycol (Dris-

dol) were fed by dropper to each rat every Aveek.

The soybean globulin contained 80.0% protein as determined h}^

Kjeldahl analysis. The nitrogen factor, 5.7, was used to calculate the

protein content. The preparation (Teresi, ’43) of the globulin involved

the dialysis of an aqueous NaCl extract of raw, ground soybeans. The

precipitated globulin Avas centrifuged Avith alcohol and finally Avith

ether to purify and facilitate the drying of the final product.

The rats in group 1 received the basal ration only. Those in groups

2 to 4 received, respectively, 0.5, 1.0, and 2.0 ag. of iodine per rat per day.

The iodine supplement, Avhich consisted of potassium iodide in redis-

tilled Avater Avas given in 3 ml. amounts contained in crock cups each

morning. 'V^^len the iodine supplement had been consumed, an adequate

volume of redistilled Avater Avas girmn to supply the daily Avater require-

ments of the rats.

After 13 AA'ceks on the experimental diet the animals Avere sacrificed

by ether anesthesia. The thyroids Avere removed AAuth the aid of a bi-

nocular dissecting microscope and Aveighed immediately on a torsion

balance. The thyroids AA*ere then fixed in Bouin’s fluid. Histological

examination was made after the glands had been sectioned and stained

in hematoxylin and eosin.

RESULTS

The gToups supplemented AAuth potassium iodide shoAved no signifi-

cant differences in food consumption or rate of groAvth from the group

Avhich received no iodine supplement.

The thyroid glands of the rats on the basal group Avere definitely en-

larged and red. When 0.5 pg. of iodine per rat per day AAms given, the

thyroid enlargement AArns greatly reduced, but the red appearance AAms

still noticeable. The thyroids of the groups AA^hich received 1.0 and 2.0

pg. of iodine per rat per day AA^ere smaller and more normal in color.

No sig-nificant differences AA'ere noted in the gross appearance of the

glands from the tAvo groups.

Table 1 shoAvs the rat Aveights at the termination of the experiment,

the Aveights of the dissected thyroid glands, and the calculated thyroid

Aveights per 100 gm. of rat tissue. The thyroid Aveights represent the
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combmed -weights of the freshly dissected thyroid and parathyroid

glands.

Upon histological examination, the thyroid glands of the rats which

received only the basal ration appeared completely abnormal. Acinar

epithelial hypertrophy -was present in large areas of the gland and no

colloid was found in the acini (fig. 1). What little colloid remained

TABI^E I

TUirteen-wceTc experiment showing effect of iodine supplements on thyroid weights.

CROUP NO.
IODINE SUPrUEMENT
PER RAT PER n\V RAT WEIOUTS TJtYBOID

WEtCHTS
T/ITROID WBiamS
PER 100 0 CM.
RAT WEIGHT

mg. mg.

r No supplement 200.0 40.8* 20.4

188.0 38.4' 20.4

235.0 67.1' 28.6

180.0 24.6' 13.7

Average 20.8

II 0.5 M’S. iodine 179.0 20.4' 11.4

200.0 24.0* 12.0

193.0 25.0* 13.0

206.0 27.8* 13.5

Average 12.5

HI 1.0 fig. iodine 201.0 19.0 9.5

181.0 18.8 10.4

130.0 16.0 11.5

176.0 16.5 9.4

Average 10.2

rv 2.0 fig. iodine 191.0 19.2 10.1

209.0 14.1 6.8

194.0 24.1' 12.4

129.0 14.8 11.5

Average 10.2

* Gland of red appearance.

® Gland of pink appearance.

contained large numbers of neerotic nuclei (fig. 2). In other areas, a

necrosis of the acinar epithelium had occurred which varied from a mild
involvement (fig. 3), to a complete necrosis (fig. 4) and a disappearance
of any semblance of normal structure or arrangement (fig. 5). There
were fewer areas of complete necrosis in the thvToids of the rats which
received 0.5 pg. of iodine per day; otherwise, they resembled the thy-

roids of the basal group. No normal areas were observed. The thyroid
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glands of the rats which received 1.0 pg. of iodine per day showed wide-
spread areas of early necrosis and hjqiertrophy with no accumulation
of colloid. A few small areas of fairly normal acinar epithelium with
colloid accumulation were found. However, in all cases, numerous ne-

crotic nuclei were present in the colloid. The thyroid glands of those

rats which received 2.0 pg. of iodine per day were almost normal (fig. 6).

There were large areas of normal acini with distinctly flattened, cuboi-

dal epithelium and smooth vacuolated colloid; however, a few small

areas with necrotic nuclei in the colloid and mild necrosis of the epithe-

lium were observed.

DISCUSSION

The results indicate that iodine is the determining factor in pre-

venting the development of goiter in rats on this ration. The maximum
weekly growth observed was 24 gm. per rat during the fifth week of

the experiment; however, the overall rate of groAvth was not normal.

Levine et ah (’33) obtained weekly gains of 10 to 12 gm. during 5-

week experiments in which a modified Steenbock rachitic ration was
fed. This ration contained 14-17 parts of iodine per billion and fur-

nished an average of 0.15 pg. per rat per day. These workers were

able to prevent goiter in rats on this ration by adding iodine as potas-

sium iodide to furnish a daily supply of 1 to 2 pg. per rat.

Remington (’37) incoiporated dried pig liver into a modification

of the Steenbock rachitic diet. Young rats grew 20 gm. per week on

this ration. Rats reared on this ration grew to maturity and produced

normal numbers of living young. In spite of the fact that the 2.0% liver

contributed 0.04 pg. of iodine per da}”- per rat, the thyroid enlargement

was 3.7 times the normal as compared to 2.4 times the normal when no

liver was included in the ration. It Avas found that 2.0% dried brewer’s

yeast gave the same growth increase as 1.0% dried pig liver in the

modified Steenbock rachitic ration. The addition of yeast, which con-

tained an insignificant amount of iodine, resulted in increased growth

without affecting the degree of thyroid enlargement; hence, the in-

creased thyroid hyperplasia caused by various levels of pig liver cannot

be attributed to the increased rate of growth. Remington explains the

goitrogenic effect of liver as being caused by the presence in liver of a

substance the metabolism of which causes a drain on the thyroid mechan-

isms or of a specific thyroid stimulating hormone. Remington and Rem-

ington ( ’38) were able to reduce the hyperplastic thyroids of rats reared

on the 2.0% pig liver ration to near normal by feeding 5-6 pg. of iodine

as sodium iodide daily.
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The type of ration consumed, apparently, has a marked effect on the

rat’s iodine requirement. In the present experiment, the thyroids of the

rats receiving the 1.0 and 2.0 pg. supplements had an average weight

of 10.2 mg. per 100 gm. of rat weight as compared to 8.8 ± 0.4 mg. per

100 gm. which, according to Bemington, is the normal thyroid weight for

185-gm. rats.

Histological studies showed that 1 and 2 pg. supplements did not en-

tirely correct the thyroid pathology. The pathological changes observed

in the thyroid glands of the rats which received the basal ration only

were much more extensive than has been previously reported by Hell-

wig (’32, ’35), Thompson (’32), and Bemington and Bemington (’38).

The possibility that soybean globulin contains a substance which causes

an excessive strain on the thyroid mechanism either through increased

metabolic demands or through direct stimulation cannot be ignored.

However such a substance can liardly be the goitrogenic factor reported

by tVilgus et al. ( ’41) which they found to be destroyed by beat, be-

cause the soybean protein we used was autoclaved. With respect to the

Sharpless ( ’38) report that this goitrogenic substance can be extracted

with fat solvents, a finding that Wilgus and associates were unable

to confirm, it should be pointed out that the soybean protein we used

was free from fat.

SUMMARY

A ration is reported which will produce an iodine deficiency in the

white rat. Definite enlargement, redness, and histological changes were
noted in the thyroid glands of the rats on the basal ration and on the

basal plus 0.5 pg. of iodine per rat per day. The addition of 1.0 and 2.0

Pg. of iodine per day to the basal ration largely corrected the glandular

enlargement. The pathological changes in the thyroids were partially

prevented by 1.0 pg. of iodine per day ; however, 2.0 pg. resulted in almost

complete prevention of pathological changes. No differences in growth
or food consumption were noted between the basal group and the groups
on the iodine supplements.
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Among the urgent needs for further research reported at the Na-

tional Nutrition Conference in 1941 was “Improvement of presently

known chemical and biological procedures for estimating the amounts

of the essential nutrients in foods and their physiological availability.’’

In this statement there are recognized not only the advantages of chem-

ical and microbiological assays for vitamins, a field of methodology in

which outstanding progress has been effected, but also the basic prin-

ciple that content and availability are not synonymous terms in the

case of vitamins any more than they are with respect to minerals, pro-

teins, or carbohydrates. Analytical methods are directed toward es-

tablishing the total quantity of a specific' nutrient present in a food.

On the other hand, that fraction of the total nutrient which is available

for absorption is measured by biological tests preferably on the animal

species for which the food is intended. The ,need for further studies

along these lines has recently been emphasized (Hart, ’45).

Vitamins may exist in nature in such firm union with proteins or

other compounds that they either fail to react chemically or are not

utilized by the test microorganism until released by preliminary hydro-

lysis. This pretreatmeht of the test sample may not be duplicated by
•the digestive processes during the gastrointestinal journey.

Animal assays are usually regarded as measuring physiologically

available nutrients, but they arc not always reliable when applied to

human nutrition. Among the factors affecting animal assays are the

need for subdivision or extraction of the test materials, the pathologi--

cally depleted state of the experimental animal, the use of purified or

‘ This paper is one in a series of reports dealing with the physiological availability of the

vitamins. It was presented in part before tfae'Division of Biological Chemistry at the 108th
meeting of the American Chemical Society, New Toth, N.T. The expenses of this study were

defrayed by a grant from Lever Brothers Company, Cambridge, Mass.achusetts,
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nnbalanced basal rations whose coniiiosition may be specifically related

to the utilization of the factor under test; these depart considerably

from the conditions underlying the nutrition of man, and therefore

warrant the exercise of caution in the application of laboratory data.

The present report describes the procedure for the assay of physi-

ologically available vitamins, or for the study of conditions affecting

their availability, directly on human subjects. The technic permits the

simultaneous assay of the various water-soluble vitamins in foods or

pharmaceutical products in the condition in which they are normally

consumed. Since the test materials are fed in a single dose, it is pos-

sible to assay perishable materials without making assumptions as to

stability such as are often necessary in prolonged animal assays. Evalu-

ation of the rate as well as degree of availability can be made by this

procedure. In cases where repetition of the control period may be dis-

pensed with, the entire assay' can be completed within 1 week. The pre-

cision of the human bioassay' is at least as good as that of most animal

assays.

Using normal subjects as the basis for comparison, it is possible by

this technic to determine the effect of various conditioning factors

(Jolliffe, ’43), both phy'siologieal and pathological, on the availability

of the water-soluble vitamins. Since the procedure in its present form

is based bn a standardized urinary response, its application is limited

to those vitamins normally excreted via the renal route, namely', the

water-soluble vitamins. A number of studies demonstrating the versa-

tility and the reliability of the new assay technic have been completed

and are being presented for publication.

EXPERIMENTAL PART

Principle of bioassay technic. In normal human subjects the urinaiy

excretion of the water-soluble vitamins, as such or as their derivatives,

is directly proportional to the quantity consumed, provided that at the

time of the tests the subjects are subsisting on an adequate diet. The

linear dose-response relationship established by feeding the vitamins in

pure solution, i.e., in their most completely available foi'm, constitutes

the basis of the bioassay for the estimation of available ascorbic acid,

thiamine, riboflavin and nicotinamide.

Collection of urine samples and analytical methods. The 24-hour

urine samples are collected in opaque bottles containing 20 ml. of 3.5 h j

sulfuric acid and stored at room temperature. The ascorbic acid anal- t

vses are conducted immediately after completion of the samples. The
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thiamtae, riboflavin and N'-metliylnieotinatnidc in these samples are

stable for a period of at least 2 weeks.

Ascorbic acid may be,found in the urine as such and as the partially

oxidized form, dchydroascorbic acid. The conversion of reduced to

dehydroascorbio acid occurs not only in vivo (Beri-yman, French,

Harper and Pollock, ’44) but also during storage of the urine samples.

It is markedly inhibited by low pH. The photometric procedure of

Bcssey (’38) as modified by Hochbei'g, Melnick and Oser (’43) has

been used to determine both forms of urinary ascorbic acid. In this

and subsequent reports only values for total ascoi'bic acid are reported.

In general, about 90% of the total excreted vitamin is found in the re-

duced state, the remainder being dchydroascorbic acid.

Thiamine is exci'eted in the urine as the free vitamin (Melnick and

Field, ’39). It has been estimated by the simplified colorimetric method

(Hochberg and Melnick, ’44). Riboflavin has been determined by a

modification (Strong and Carpenter, ’42) of the microbiological method

of Snell and Strong (’39) and by the flnorometrio procedure described

by Najjar ( ’41) omitting the blank coiTection for non-riboflavin fluores-

cent compounds. The microbiological procedure is more specific for

riboflavin in urine than the abbreviated fluorometric procedure. How-
ever, the latter is far more precise and since conclusions are based upon
the extra urinai’y excretion of the vitamin follo'wing riboflavin dosage,

the calculations themselves correct for the presence of the irrelevant

fluorescent materials in the two conseentive urine samples. It has also

been found that the extra urinary excretions of riboflavin estimated by
microbiological and fluorometric analyses give the same average values,

but the figures for the individual test subjects vary more widely when
the microbiological method is employed. N'-Methylnicotinamide, the

main excretory product following nicotinamide ingestion (Najjar and
Wood, ’40; Huff and Perlzweig, ’43) has been determined fluorometri-

cally (Hochberg, Melnick and Oser, ’45).

Basal diet. The composition of the basal ration used in this and sub-

sequent studies is shown in table 1. Analyses were conducted on ali-

quots of a composite sample of the diet. All foods containing active

enzymes were first blanched under an atmosphere of nitrogen and the

cooked foods, together with the original blanching fluids, were homogen-
ized likewise under nitrogen. Aliquots were then promptly taken for

the tests. Proximate analyses were conducted by the methods of the

Association of Official Agricultural Chemists (’40). The same photo-
metric procedure employed for the urine analyses was used for the de-

termination of the ascorbic acid content of the diet. Riboflavin was
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that no difficulties are encountered in obtaining full cooperation from
tile test subjects.

Details of the method for conducting biological assays with human
subjects can best be described by reference to a simple example. The
problem was to determine the availability of the water-soluble vitamins
in a pharmaceutical vitamin tablet when the product is swallowed whole.^
Obviously disintegration in vivo is a necessary preliminary to absorp-
tion. The rat cannot be relied upon to measure availabilitj’’ since the
intact tablet is too large to be administered. Bioassays with even,

larger laboratory animals would also be unsatisfactory since these
would involve the feeding of curative or prophjdactic doses of the vita-

mins in amounts far less than those contained in a whole tablet.

As an example of the data obtained in determining the availability

of a vitamin, a test for ascorbic acid is summarized m table 3. Five

TABLE 3

Availahiliiy to wan of ascorbic acit? in o wnlfi-uifamin-wineral tablet.

COKTROt. period; PURE SOLUTION
DOSE, 200 MO. ASCORBIC ACID

TEST PEntOD: 15 TSBUET DOSE
173 MO. ASODBMC AOID

Basal After test Test dose Basftl After test Test dose
excretion dose excreted excretion dose excreted

mg.l24 houra % •mp.f24 ftours %
J.C. 57 183 63 35 116 47

E.M. 41 159 59 18 92 43

D.M. 47 131 42 38 128 52
,

M.H.' 70 162 46 17 96 46

H.H. 28 93 33- 20 109 52

Average 49 140 48.6 26 108 48.0

Availability of ascorbic acid in tablets = XlOO = 98.8 ± 11.9%.

test subjects were employed for the assay. The basal urinary excre-

tions of the vitamiir on the planned adequate diet (table 1) were meas-

ured. Immediately after the raid-day meal, the subjects were given an

aqueous solution of ascorbic acid ^ and the extra urinary excretion of

= The War Food Administration includes in certain contract specifications tlie proviso that

thfe vitamins must be present not only in amounts to meet label claims, but that these factors

must also be available when tablets or capsules .are sw.allowed intact (Federal Surplus Com-

modities Corporation, ’44).

’Actu.ally the pure solution dose of ascorbic acid .also contained the other water-soluble

vitamins for which assays were being made. Studies h.ave indicated that the extra urinary

excretion of the water-soluble vitamins (or derivatives), thiamine, ascorbic acid, riboflavin and

N‘-methylnicotinamide, by the normal subject subsisting on the basal diet are the same re-

gardless of whether the vitamin is taken alone or in various combinations. It is important

that the test doses of extra vitamins be taken postprandially, as indicated, or non-reproducible

excretion values may be obtained
;
variations in the stability of some vitamins and in the rates

and degrees of absorption of others are noted at different stages of gastrointestinal function.
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the vitamin measured. The proportion of the test dose found in the

24-hour urine sample was then calculated; in this case it was 49% of

the 200 mg. extra ascorbic acid taken. A 2 weeks’ period was allowed

to elapse during which the subjects returned to their original state of

nutrition. The procedure wah then repeated, but in place of the pure

solution of the vitamin, the test material, containing a comparable

quantity of ascorbic acid, was taken.'* In this example, fifteen tablets

were swallowed whole. The extra urinary excretion was then measured

and the per cent of the test dose found in the urine was calculated. In

the assay described extra quantities of ascorbic acid following tablet

dosage could appear in the urine only after extraction of the \dtamin

from the disintegrated tablet and absorption from the gastrointestinal

tract. Since the mean percentage of the test dose excreted after in-

gestion of the tablets equaled that when the vitamin was administered

in the control solution, it was concluded that the ascorbic acid in the

vitamin tablets was completely available.

The individual data for the test subjects in the ascorbic acid assay

were actually not as reproducible from control to test period as the

data for the other water-soluble vitamins, particularly with respect

to the basal excretion values. However, it was precisely this greater

variability in the ascorbic acid assay which led us to select it for de-

tailed presentation because it demonstrates that such variations in the

basal excretion values introduce no error in the assay. Nevertheless it

is worthy of note that even in this example the standard error of the

ratio of excretion in the two periods was only about 12% which is less

than the error of most animal assays.

At first glance the discrepancies in the urinary excretion responses

appear to be large. For example, II. H. excreted a total of 162 mg. of

ascorbic acid during the control period but only 96 mg. during the test

period. However, the basal value for the subject during the control

period was markedly greater than that during the subsequent test

period so that the same percentages of the test dose were excreted in

the urines. Inasmuch as the basal figure may show this large variation

from one period to another, the question may be raised— What justi-

fication is there for subtracting the basal urinary excretion from the

total value to arrive at an amount attributable to the extra dosage?
Data illustrating the reproducibility of the basal excretion on consecu-

* If the object ig to study some conditioning factor which might interfere with the absorp-

tion of the vitamin, the extra vitamins are also taken during the test period in pure solution

but with the imposition of the conditioning factor. Other modifications in the assay technic are

frequently necessary as illustrated in forthcoming publications.
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tive days are shown in table 4. Daily basal excretion values were ob-

tained for the five subjects during different periods of 2 and 3 days,

respectively. It will be noted that M. H. excreted far less ascorbic
acid during period A than during period B'but that the basal figures

are reproducible within each period. Similar results were obtained

with all of the subjects with respect to basal excretion values not only

table 4

Bcproducibility of basal urinary excretion values on consecutive days.

(All values in milligrams per S4 hours.)

FACTOR EXCRKTEO SUBJECT
PERIOD A PERIOD B

iBt day 2nd das Averace 1st day 2nd day 3rd day Avemee

J.C. 36 45 41 36 45 57 46

E.M. 17 12 15 74 61 59 65

Ascorbic acid D.M. 56 38 47 40 44 43 42

M.H. 18 17 18 67 59 57 61

H.H. 29 20 25 22 23 27 24

Average 31 26 29 .48 46 49 48

•

1
J.C. 0.35 0.33 0.34 0.22 0.23 0.23 0.23

E.M. 0.45 0.42 0.44 0.25 0.19 0.19 0.21

Thiamine D.M. 0.37 0.39 0.38 0.25 0.29 0.28 0.27

M-H. 0.30 0.27 0.29 0.19 0.24 0.22 0,22

H.H. 0.29 0.31 0.30 0.32 0.28 0.26 0.29

Average 0.35 0.34 0.35 0.25 0.25 0.24 0.25

J.C. 0.64 0.74 0.69

E.M. 0.85 0.95 0.90

Riboflavin D.M. 0.65 0.69 0.67

M.H. 0.75 0.84 0.80

H.H. 0.63 0.68 0.66

Average 0.71 0.78 0.74

J.C. 7.8 6.2 7.0

E.M. 6.7 5.9 6.3

W-Methyinicotinamide D.M. 6.7 6.7 6.7

(as nicotinamide) M.H. 3.8 4.5 4.2

H.H. 3.7 3.0 3.4

;

' Average 5.8 5.2 5.5

for ascorbic acid but for thiamine, riboflavin and F*-methylnieotin-

amide as well. In any event the small daily variations -within a gi-yen

period are inappreciable in terms of the extra excretions following

dosage. These findings, justify the subtraction of the basal value on 1

day from the total excretion on the subsequent day to arrive at the

quantity of extra urinary vitamin (or derivative) directly related to

dosage.
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III order to employ the ratio of the extra urinary excretion of the

vitamin during the test period to that during the control period as an

index of availability, it is necessary to demonstrate that a reproducible

linear relationship exists between dosage and response. Figure 1 il-

lustrates that, with increasing intake of any one of the four water-

soluble vitamins studied, there is an increase in its extra urinary ex-

cretion. Good agreement is obtained among the test subjects receiv-

ing the three test doses of ascorbic acid; only one value for one subject

Fig. 1 The linear relationship between dosage with the water-soluble Titamins, ascorbic
acid, thiamine, riboflavin and nicotinamide, and the extrn urinary encretion of the vitamins (or
derivative). Tho test doses in aqueous solution {pH 3.0) were taken orally immediately after
dinner. The fine lines represent the responses of the individual subjects whereas the heavy
line indicates the average response.
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showed an appreciable deviation from ail the others. In the ease of

thiamine the uniformity of linear response among the various subjects

was not quite as good. However, in every case with increasing dosage
there was an increment in the urinary output of the vitamin so that the

average curve is linear. The dose-response relationship in the case of

riboflavin is excellent, the values obtained with the five subjects bemg
in very close agreement. The graph for the extra urinary excretion of

N^-methylnicotinamide following nicotinamide dosage is of interest.

Although there was considerable spread among the responses of the

test subjects, each individual was quite consistent. Thus, a subject who
excreted appreciably more N'-methylnicotinamide than another showed
a greater urinary excretion at different levels of intake.

TABLE 5

Eeprodncibitily of Vie average urinary excretion responses following oral post prandial dosage

with water-soluble vitamins.'

fAll values iji milligrams.)

VITAMIN TAKEN DOSE
AVERAGE EKTRA URINARY EXCRETION OF VITAMINS

AT DITFERENT PERIODS

Ascorbic acid
200

300

97

173

94

150

108 93

5.0 1.02 0.90 1.09 0.92
Thiamine

7.5 1.26 1.26

7.5 3.8 3.6
Kiboflavin

10.0 4.7 4.9 5.6 5.3

Nicotinamide

'

50 10.2 8.0 9.4

' Each value listed represents the average of the responses by the five test subjects during the

24-hour period following dosage. These values were obtained over a period of 2 years.

'The excretion values following nicotinamide dosage represent the N'methylnicotin.amide

found in the urine expressed as nicotinamide.

These dose-response curves were plotted from single urinary excre-

tion values for each subject at the various levels of dosage. The mean

curves for each subject derived from cumulative data are of course

more nearly linear. However, in conducting an assay with a group of

subjects the average urinary excretions in the single preceding control

period are employed in calculating availability, as illustrated in the

assay for ascorbic acid (see table 4). That these control data are suf-

ficiently reproducible is shown in table 5, giving the average responses

for the same five subjects taking different quantities of the vitamins

at widely spaced periods. Only during the urinary collection periods
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were tlie subjects fed the basal diet (see table 1) ;
at other times they

subsisted on their regular adequate dietaries.

DISCUSSION

Measurement of the urinary excretion of the water-soluble vitamins

as a moans for the early diagnosis of aidtaminosis has been repeatedly

criticized on the basis that it reflects only the immediate vitamin in-

take. This, however, is true only in the case of normal .subjects since

deficient individuals retain extra dietary vitamin to replenish depleted

stores. This prompt response of normal subjects to variations in vita-

min intake is utilized in the procedure here described for determining

physiological availability. Since the water-soluble vitamins are not ex-

creted to a significant extent in the feces, when administered as pure

solutions in the doses selected, the present method does not involve

analysis of stools. Thus, it is possible to avoid complications introduced

by bacterial synthesis in the colon.

The assay technic described in this report is a simplification and

standardization of procedures previously employed. Using the values

for the urinary excretion of thiamine as indices of availability, Melniok,

Robinson and Field (’41) were able to demonstrate that the increased

recpiirements of peptic ulcer patients were not due to a decrease in

availability of the vitamin because of the high fat content of the Sippy
diet, but to the effects of the accompanying antacid medication. Sub-

sequently Parsons and associates ( ’42 a, ’42 b, ’44) demonstrated also

by urinary excretion studies that the vitamins of the B complex in fresh

yeast were available only to a limited extent, and more recently (Wil-

liamson and Parsons, ’45) that an increase in the crude fiber content of

the ration did not reduce thiamine availability. In tliose as well as in

our oivn studies, each subject served as his own control.

In studies with various pharmaceutical products (Oser, Melnick and
Hochberg, ’45) it has been found that the technic permits simultaneous

assays for several vitamins and tests to be conducted on the materials

in the physical state in which they are taken by the human, i.e., without

requiring prior extraction or subdivision. By determining the urinary

excretion values for consecutive 4-hour periods following dosage, the

rate as well as degree of vitamin availability can be determined. In

assays of standardized products it has been found that the value.s fol-

lowing pure solution dosage are so reproducible that repetition of the

control series each time is unnecessary. Assays may then be completed
within a week.
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Further evidence for the reliability of the simplified assay technic

described in this report has accumulated in studies, now in press, which
involved application of the procedure to problems in human nutrition.

These include investigations on the influence' of the ingestion of live

yeast, enzymes, certain ions, or adsorbents on the availability of the

vitamins.

Because of their instability certain products, when subjected to rat

assay, must be stored under conditions which prevent spoilage or be

replaced by fresh samples at frequent intervals in the course of the

assay. The present assay procedure, however, is of such short duration

that no assumptions need be made as to the stability or reproducibility

of the material from batch to batch.

SUMMARY

A biological assay technic has been described for the simultaneous

determination of the physiological availability of the water-soluble

vitamins, ascorbic acid, thiamine, riboflavin and nicotinamide. The

test is based upon the observation that the urinary excretion of the

water-soluble vitamins, as such or as their derivatives, parallels
,

the

quantity consumed provided that normal test subjects are employed

and that the subjects at the time of the tests are subsisting on an ade-

quate diet. A simplified feeding routine is described which extends the

applicability of the assay to quantitative studies of problems in human

nutrition, particularly those dealing with the factors which contribute

to conditioned malnutrition. The dose-response relationships for each

of the test vitamins have been found to be linear and the reproducibility

of the data superior to that encountered in most animal assays.
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Chastek paralysis, an acute dietary disease of foxes, is caused by in-

cluding 10% or more of certain species of uncooked fish in the diet and

may be prevented or cured by giving adequate amounts of thiamine

(Green and associates, ’42). The enzymic nature of the anti-thiamine

factor is indicated by its heat-lability (Sealock and collaborators, ’43),

by its reactions in the presence of enzyme inhibitors (Sealock and

Goodland, ’44), and by the isolation of the pyrimidine and thiazole

derivatives following the hydrolytic cleavage of the vitamin (Krampitz

and Woolley, ’44).

On the basis of the study conducted by Beiitsoh and Hasler ( ’43) it

has been generally concluded that the anti-thiamine factor is found only

in fresh-water fish. These investigators reported the presence of this

factor in fifteen out of thirty-one species of fresh-water fish but in not

one of nine species of salt-water fish. Others, however, have found it in

the Atlantic herring and whiting and in the Pacific mackerel. In addi-

tion, thiamine deficiency has been observed in cats fed a diet consisting

exclusively of salt-water herring (Smith and Proutt, ’44).

In discussing the sub.ieot of thiamine inactivation by raw fish. Nutri-

tion Reviews ( ’43) states, “This subject may not appear to have a direct

bearing on human nutrition since it is unlikely that many people are

fond of eating uncooked fish.’’ However, there are a number of popular

fish products which do not undergo excessive heat processing and are

intended for direct human consumption. Woolley (’43) has reported

the presence of a substance in clams capable of destroying thiamine.

Clams are consumed in the raw state as are also oysters, herring, and
caviar. Smoked fish may be processed at as low temperatures as 27°

to fi5°C.

* Some of the results in tins paper were presented in summary before the Division of Biologi-

cal Clicmistry at the 108th meeting of the American Chemical Society, New York, N. Y. The
expenses of these studies were defrayed by a grant from Lever Brothers Company, Cambridge,
Mass.
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In the present study an investigation was made of the presence of

the thiaminase in various fish (including shell-fish) products and the in-

fluence of this factor on the physiological availability of dietary and

supplementary thiamine.

EXPERIMENTAL PART

In table 1 are presented the results of tests to determine the tliia-

minase activity of a variety of fish products intended for direct human

TABLE 1

Thiaminase activiUj of fish products intended for direct human consumption.

PRODUCT
THIAMIIfE RECOVERED PROSl SUSPENSION

Untreivted mfiterial
" Heated material *

% %
Clams

Chowder 7.0 3 89

steamer 6.9 1 92

Cherrystone 7.1 0 95

Herring

Salted 6.3 40 89

Marinated (brand A) 4.6 48 96

Marinated (brand B) 4.5 87 103

Oysters 6.6 102 96

Smoked carp 6.7 96 99

Smoked salmon 6.2 98 101

Salmon caviar 6.0 100 100

*Of homogenized aqueous suspension.

^ 10-gm. samples of each ground product were suspended at their natural pH in 40 ml. Of

water containing 100 Mg. of added thiamine, and incubated 6 hrs. at 37°G.

’ 10 gm. of each of the homogenized samples were heated for 20 minutes in 10 ml. of boiling

water at pH 4.5 to inactivate enzymes. To the cooled suspension, diluted to 40 ml. and ad-

justed to the initial pH, were added 100 Mg. of thiamine.

consumption. Ten-gram samples of each product were suspended in

40 ml. of water and the mixture homogenized. One hundred micrograms

of thiamine were then added and the suspension incubated for 6 hours

at 37° 0. The control series consisted of suspensions heated^ to inacti-

vate the enzymes.

The results, presented in table 1, indicate that homogenized clams

are very effective in destroying thiamine and that the agent responsible

’ Bach suspension was heated for a period of 20 minutes at 100°C. and pH 4.5, then adjusted

to its initial pH value and finally cooled to 37‘’0. Destruction of thiamine in the suspension of

the untreated fish product over and above that occurring in the corresponding heated sample

may be attributed to the presence of the thiaminase* ^
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for tlie destruction of added vitamin is iieat laiiilo. Complete destruc-

tion of tliiamine was obtained with all three varieties of clam tested,

namely, chowder, cherrystone and steamer. Herring, a salt-water fish,

also contained the enzyme hut probably in smaller concentration. Only

60% destruction of the added thiamine was noted in a case of the raw

product and variable losses with the marinated preparations. Ho evi-

dence was found for ‘the presence of thiaminase in oysters, salmon

caviar, smoked carp and smoked salmon; theoretical recoveries of the

added thiamine were obtained in the suspensions of untreated homogen-

ized samples. Apparently smoke-processing of the carp destroys the

thiaminase originally present in the tissues of this species.

On the basis of the results obtained with the various fish products, it

was decided to limit the human availabilitj' study to an investigation of

the effectiveness of the thiaminase derived from chowder clams; Addi-

tional in vitro experiments have also been conducted. The test subjects

were the same as those employed in the premous study (ifelnick, Hoch-

berg and Oser, ’45). The only major deviation in the composition of the

basal ration from that routinely employed was inclusion of clams at

each meal. The total quantity of clams consumed during the day, 100

gm., is usually regarded as an “average serving”. The purpose in parti-

tioning this serving among the three meals of the day was to allow a

more measurable destruction of the thiamine in vivo, if such should be

the case, since the clams would always accompany the dietary thiamine.

Thiamine intake was determined by the thioehrome method (Hennessy,

’41) and urinarj' excretion by the colorimetric procedures ® (IMelnick

and Field, ’39;Hochberg and Melnick, ’44). In the earlier report (cited

above) the rationale and experimental support for the human avail-

ability technic were discussed.

In vitro tests. In table 2 are presented the results of in vitro experi-

ments on the activity of the thiaminase derived from clams. Two series

of tests were conducted, both on the homogenized basal diet. For one
series, the homogenized clams were first heated ^ in order to inactivate

all enzymes present. For the other, the unheated ground clams were
added to the homogenized ration. The dietary mixtures in open beakers

’ The simpler colorimetric method (Hochberg and Melnick, ’44) is preferred for measure’
ments of the urinarj’ thiamine when appreciable amounts are present. Howerer, because con-

clusions were to be drawn in this study not only from the extra urinary thiamine following
test dosage but also from the lower basal excretion yalues, the original colorimetric procedure
(Melnick and Field, '39) was also employed.

* One hundred grams of the ground fresh claina were heated for 20 minutes in 100 ml. of boil-

ing water at pH 4.5 to inactivate the thiaminase. The mixture was then adjusted to its initial

pTi of 7.0 and added to the homogenized diet.
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Table 4 is an evaluation of the data of the preceding table in order
to obtain a quantitative index of tbe destructive action of tbe tbiaminase
in raw clams during gastrointestinal digestion. The decrease in the

basal thiamine excretion values would indicate that 50% or more of the

dietary thiamine is destroyed. This urinary excretion picture is com-
parable to that obtained with normal subjects during the first 3 days
following a 70% reduction in the normal thiamine intake (Melnick, Field

and Eobinson, ’39).® When the extra urinary responses for the control

and test period are compared on the basis of per cent of test dose ex-

creted, 42% destruction of the added thiamine is found to have occurred.

TABLE 4

Destruction of dietary and extra thiamine iy thiaminase in clams.

DIET CONTAINING HEATED CUAMS DIET CONTAINING RAW CLAMS

SUBJECT Average
Fraction oC 7.5 mg.
test dose excreted

Change in basal excretion ' Fraction of 7.5 mg.
test dose excreted

excretion l8t
24 hrs.

2nd
24 hrfi.

Jst 24
hrs.

2nd 24
24 hrs.

3rd 24
24 hrs.

1st 24
hrs.

2nd 24
hrs.

ing.f84 hrft. % % % % % %
J.C. 0.23 18.1 4.1 -46 -50 — 56 10.3 0.8

E.M.
‘

0.21 14.8 1.5 — 44 - 56 -66 6.9 2.3

D.M. 0.27 20.4 2.6 -36 -58 - 60 8.4 1.9

M.H. 0.22 10.8 2.2 — 30 - 37 — 48 9.8 1.8

H.H. 0.29 20.0 0.9 -53 _ 68 -68 11.4 1.2

Average 0.24 10.8 2.3 — 42 -55 _ 60 9.4 1.6

Average total excretion

of extra thiamine 19.1% 11.0%

Destruction of thiamine

taken as test dose

19.1-11.0

19.1 X 100 = 42%.

' Based on the average excretions of the corresponding subjects receiving the diet containing

the heated clams.

xuscnssioN

The extent of thiamine destruction in vivo is not as great as that ob-

served in the in vitro experiments. This is undoubtedly due to the fact

that in the latter tests the clams were added to the dietary mixture in a

finely homogenized state, allowing immediate and more complete con-

tact between thiamine and thiaminase in the static system. In the study

with the human subjects the thiaminase was liberated slowly as the

clams were digested by enzymic processes. Thus, the opportunity existed

for absorption of some dietary thiamine and certainly of a significant

fraction of the test dose prior to the liberation of appreciable amounts

of the thiaminase.

' Subject, D. M., p.articip.uted in both studies.
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The effectiveness of the thiaminase in clams in destroying thiamine

and the presence of this factor in other fish products (such as the her-

ring) ordinarily consumed in the raw state represent a type of condi-

tioning factor potentially responsible for malnutrition (Jolliffo, ’43).

The present study is far from being a survey of all fish products in-

tended for direct human consumption, although it might he worthy of

extension especially in relation to populations in those regions where

fish, raw or partially cooked, constitute a major element of the diet. In

any case, these observations indicate that the presence of the anti-

thiamine factor in raw fish is not merely of academic interest hut worthy

of practical consideration in human nutrition.

The anti-thiamine effect of the homogenized clam suspension should

find applications in methods, biological and chemical, designed to meas-

ure thiamine. In the former type of assay, the basal diet must supply

all factors except thiamine. Autoclaving or sulfite treatment (U. 8.

Pharmacopoeia, ’42) of the ingredients which furnish the B complex to

insure complete destruction of thiamine, often involves concomitant

destruction of other factors. The materials may preferably be incu-

bated mth a homogenized clam suspension to effect specific destruction

of the thiamine. The blank value in the thioohrome procedure for de-

termining thiamine (Hennessy, ’41; U. S. Pharmacopoeia, ’44) is fre-

quently unsatisfactory since fluorescent materials may he present in

the alkalinized solution which are destroyed on the addition of ferri-

cyanide (Najjar and Ketron, ’44). The sulfite treatment of the test so-

lution (Mason and Williams, ’42) has been reported to destroy inter-

fering substances as well as thiamine thereby yielding low blanks (Naj-

jar and Ketron, ’44). However, the short incubation of a test extract

ndth a small amount of an aqueous homogenized clam suspension (which

is always free from thiamine) should allow specific destruction of thia-

mine leaving the true blank correction.

SUMMABY

In vitro tests have indicated that various fish products intended for

direct human consumption contain a thiaminase which .destroys thia-

mine in a static test system. Rapid and complete destruction of the

vitamin occurred in vitro during incubation of food mixtures contain-

ing added thiaminase, as present in raw clams, klore than eight times
the minimal daily requirement of thiamine was destroyed simply in

preparing a homogeneous mash of a daily ration to which both clams
and thiamine had been added.
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The lesuits of the hurnan availability study indicate that au appreci-
able destruction of thiamine (about 50%) occurs in the gastrointesthzal
tract following the concomitant ingestion of raw clams. Because other

fish products are also consumed in a raw or partially cooked stete hy
man, this finding warrants consideration of the anti-thiamine principle

in fish products as a possible conditioning factor in malnutrition.
The application of the thiaminase in clams to vitamin Bi methodology,

both biological and chemical, has been discussed.
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The systematic carrying out of nutritional observations on soldiers

in the field is frequently difficult for military reasons, and it is at times

almost impossible to collect samples of blood and urine under condi-

tions and at times that are customarily considered almost essential for

accurate nutritional assessment. Of tbe usual types of specimen,= one

can almost always obtain fasting urine and blood before breakfast and

at other times of day ;
sometimes conduct short vitamin loading tests

;

and almost never collect specimens of urine for periods of 24 hours.

Many practical problems of conducting surveys would be made simpler

if one knew accurately the quantitative relations between specimens

collected before breakfast, after loading tests, and at random during

the day.

The present study was carried out on soldiers living and working in

temperature environments while subsisting on field rations, and the

data support four main conclusions concerning men under such condi-

tions. First, loading tests with ascorbic acid, thiamine, riboflavin and

* This -work was financed in part under a contract, recommended by the Committee on
Medical Research, between the Office of Scientific Research and Development and the President

and Fellows of Harvard College. The data were obtained in TJ. S. Amy field trials to which
the senior author was assigned as expert consultant for the Research and Development Branch,
Military Planning Division, Office of the Quartermaster General. Pemission to publish these

findings has been granted by the Bureau of Public Relations, U. S. “War Department, but the

assertions and opinions expressed are those of the authors, and do not necessarily reflect tho

official position of any governmental agency.

‘Throughout this paper several conventions of nomenclature %vjll be followed. “Fasting"
and “postabsorptive" are used synonymously to mean samples collected between the time of

emptying the bladder on arising but before breakfast. “ Postprandial " and “postcibal" are

used synonymously to mean samples collected at any time after breakfast but before bedtime.

“Loaded** refers to specimens collected after the administration of test doses of vitamins.
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nicotinamide could be repeated on the same subjects at intervals of 2

or 3 weeks without significantly affecting their response to subsequent
loading tests. Second, the rate of excretion of vitamins in the morning
before breakfast was a more reliable indication of previous intake of

vitamins than was the vitamin load test.. Third, specimens of blood

drawn at any time of day were directly comparable in several impor-

tant respects with specimens drawn before breakfast. Fourth, even

when due allowance was made for rate of urinary flow or urinaiy spe-

cific gravity samples of urine collected at various times of day did not

give results for chloride, ascorbic acid, thiamine, N^-methjdnicotina-

mide or riboflavin that were directly comparable with results from

samples collected befoi’e breakfast.

METHODS

Samples of blood and urine were collected in bivouac areas and

analyses were carried out on the spot in a field laboratory. Whole

blood hemoglobin was estimated by the copper sulfate specific gravity

method of Phillips, Van Slj’'ke and colleagues (’43
)

;

serum protein by

the same method; serum and urinary chloride according to Harvey

(’10)
;
serum and urinary ascorbic acid according to Farmer- and Abt

(’36); and urinary thiamine, N^-methylnicotinamide and riboflavin by

fluorometric methods (Johnson, Sargent, Eobinson and Consolazio,

’45).

Observations were made on two separate groups under different con-

ditions of diet, environment and activity which will be differentiated

below. The subjects were all in good general health as judged by their

medical officers.

EBSUDTS

A. Effects of repeated load tests

These were studied in a company (96 men) from an infantiy battalion

that lived and worked for 8 weeks in the summer in a bivouac area

situated in the Eocky Mountains at an altitude of about 9000 feet. The

daily temperatures ranged from near freezing at dawn to about 90°P.

in the heat of the day, ivith infrequent thunder showers interrupting

the otherwise clear, sunny weather. Activities included regular infan-

try training, cross-country marches, road marches, and tactical prob

lems, with 1 day of rest a week, the whole summer’s program involving

an estimated average daily work expenditure of about 4000 Cal.
^ ^

The soldiers all subsisted exclusively on a combat ration providing

the following estimated average daily amounts of vitamins; ascorbic
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acid, 65 mg. ; riboflavin, 1.5 mg.
;
tMamine, 2.0 mg.

;
and niacin, 17 mg.

Vitamin load tests were administered to 50 of tbe subjects on the first

day of maneuvers, again S'weeks later and finally at tbe end of 5 weeks.

A vitamin load test was administered to tbe remaining forty-six sub-

jects only once, at tbe end of tbe 5 weeks. The two groups were large

enough so that comparison between them could be made on tbe assump-

tion that their average nutritional status was tbe same except for the

difference in load tests.

On test days fasting specimens of urine were collected between

4 ; 45 A.M. and 6 : 15 a.m. and each subject then drank 150 ml. of water

containing 5 mg. thiamine hydrochloride, 5 mg. riboflarin, 50 mg. nico-

tinamide, and 500 mg. ascorbic acid. Their usual breakfast was al-

lowed and tbe subjects collected all their urine for 4 hours after the

test dose. IVe use this schedule for tolerance tests in the field because

breakfast has to be allowed for the sake of morale and a good morning’s

TABLE >

Pcsttnp «ri«ory levels men viho had and had not been 5«bjecte(? previously

vitamin load tests.

no PRBVIOUS LOAD LOAD TESTB S AKD S
TEST WEEKS PBSnOUSLY

(46 SUBJECTS) (50 SUBJECTS)

ifran 3/enn Rangf

A.scot'bxtt add 0.<J 0.4 to 1.S 0.8 0.4 to 1.8

Thiamine (i^g./hr.) 11 6 to 24 32 6 to 42

Biboflavin 27 12 to 68 22 8 to 93

N’-methylnicotinamide (mg./hrO 0.25 0.10 to 0.50 0.30 0.10 to 0.58

performance; furthermore intravenous tests on a large scale are not

feasible in the field; also longer collection periods are usually impos-
sible because of military necessities. The reliability of the 4-hour oral

test in the case of vitamin C has been completely demonstrated for

groups of subjects whose body stores were known to be very low, aver-

age and high by virtue of 8 weeks’ subsistence on diets lacking, normal
or high in vitamin 0 (Johnson, Darling, Sargent and Robinson, ’45)

;

and its validity in the case of thiamine, riboflavin and nicotinamide is

demonstrated in a forthcoming paper (Johnson, Contreras, Robinson
and Consolazio, ’45).

The results for fasting urine, converted to hourly excretions from
those of the actual collection periods, are summarized in table 1. The
averages for ascorbic acid, thiamine and N’-methylnicotinamide were
not significantly different between the two groups and the average for

riboflavin was higher in the group that had never previously received
a load test. The range tended to extend a little higher in the group
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tween platoons were demonstrated in the fasting rates of excretion of
ascorbic acid, thiamine, riboflavin and N^-methylnicotinamide. The re-

sults for the load tests showed far less statistical significance than those
for the fasting specimens. There did tend to be mean differences be-

tween the platoons in the load tests for ascorbic acid, thiamine and
riboflavin, but for N^-methylnicotinamide the nnsnpplemented platoon
showed less of a decrease than did the supplemented. This latter find-

ing is not surprising in view of the known qualifications that must be

placed on the interpretation of N^-methylnieotinamide levels, owing to

extreme individual variations in response to test doses of nicotinamide

(Sai’gent, Robinson and Johnson, ’44).

The fasting rate of excretion of thiamine, riboflavin and N*meth}d-
nicotinamide has been widely used in the assessment of nutritional de-

ficiencies (Najjar and Holt, ’42),.and the present observations suggest

that even in well-fed young men these observations may be at least as

reliable as some kinds of load test. We shall turn now to a comparison

of fasting levels with postcibal.

C. Levels in blood and urine at different times of day

For these comparisons the subjects were twelve men isolated for 2

weeks on a barren, windswept island in Buzzard’s Bay, Massachusetts,

The weather was fine but windy and cool, with an overall range of tem-

perature from -f- 43° P. to + 57°F. Activities included maintaining

camp, conducting laboratory work, and engaging in moderate activity

outdoors, with an estimated average daily work expenditure of about,

3500 Cal.

They subsisted throughout on a field ration that provided a variety

of components but essentially constant daily intake of nutrients as

shown in table 3.

Samples of venous blood were drawn evei'y morning immediately

after reveille but before breakfast, and timed specimens of urine were

obtained at the same period. Postprandial specimens were collected at

other times of day, so that by the end of 12 days comparisons had been

made between fasting levels and levels in midmorning, early after-

noon, late afternoon and after supper.

1. Resnlts for blood (taUe 4). Serum protein and chloride showed

but slight changes, with a tendency to a diurnal increase. Hemoglobin

remained almost unchanged except for a small unexplained decrease

during the ninth day. Serum ascorbic acid showed increases whicli

were small when expressed in .absolute amounts, but were large on n

percentage basis. In view of the relatively large intake of ascorbic
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acid at the noon meal (table 3) the smallness of the diurnal change

was somewhat surprising. The general conclusion for blood is that

under the present circumstances assessment of hemoglobin, serum pro-

tein, serum chloride and serum ascorbic acid could be made satisfac-

torily from samples taken at any time of day.

TABLE S

Axetage daily eonsu'niption of second yrowp of test subjects.

BREAKFAST
7 am.

DIKKCK
12 KOOK

SUPPER
5 '.SO P.st.

TOTAt rOR
WHOLE PAY

Total Calories 1700 1270 1680 4650

Protein (gm.) 54 11 84 129

Ascorbic acid (mg.) 0 70 6 76

Thiamine (mg.) 0.0 0.4 0.6 1.9

Eiboflarin (mg.) 1.2 0.1 1.4 2.7

Niaeia (mg.) 8.6 2.7 12.4 22.7

TABLE 4

Fasting levels I'n vjhote blood and se^vm compared with levels at other times of day

(average of IS subjects).

TEST
BAY SPECIMBK KEHOQLOQtK SERUM

PROTEIK
SERUM

CRtPElPE
SEBUM

ASCORBIC ACID

3 9 A.M.

Om.tlOO to',

15.5

a"* /lOo to’.

6.6

mrq./l.

105

mff.fiOO mf.

5 Pasting, 7 A.bl. 15.4 6.4 103 0.7

5 1 P.M. 15.3 6.5 104 0.9

5 A -0.1 + 0.1 + 1 + 0.2

7 Pasting, 7 A.M. 15.4 6.8 102 0.5

7 3 P.M. 15.6 6.8 103 0.6

7 A + 0.2 0 + 1 + 0.1

9 Fasting, 7 A.M. 15,8 6.4 101 0.4

9 7:30 P.M. 15.2 6.8 102 0.6

9 A -0.6 + 0.4 + 1 . -r 0.2

3. liesnUs for zirine (table 5). The urinary data should be examined
with a view to obtaining from random specimens those values which
are directly related to fasting levels. Preferably one would desire a
reasonable approximation of the order of magnitude of ± 10% of the

fasting value, but any constant relationship would satisfy the present
requirements. However, neither expressing the results as concentra-
tion per 300 ml. of urine (table 5B), nor as concentration per 100 ml.

of urine, corrected to specific gravity 1,010 (table 5G), nor as excretion

per hour (table 5D) allowed chloride, ascorbic acid, thiamine, N’-
methyinicotinamide or riboflavin in random specimens to be calculated
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so as to be even rongbly comparable with fasting values. The nearest

approaches were for chloride when expressed as concentration per 100

ml. urine (2 out of 4 values) and for riboflavin when expressed as ex-

cretion per hour (2 out of 4 values). The latter finding is at variance

with the interpretation put on their data by Feder, Lewis and Alden

( ’44) who found much more constancy when urinaiy riboflavin was ex-

pressed in terms of actual concentration than when it was calculated

on an hourly basis. Their experimental conditions and ours were so

widely different that this discrepancy is not disturbing.

DISCUSSION

The present results are applicable to active young men subsisting

on a relatively constant diet, such as field rations, and are not neces-

sarily valid for other types of population or diets, particularly deficient

ones. IVith these reservations in mind, we can draw three conclusions of

practical importance in conducting nutrition surveys when chloride,

ascorbic acid, thiamine, N’-methylnicotinamide, riboflavin, hemoglobin

and serum protein are in question. First, if it is not possible to conduct

all the tests desired, preference should be given to obtaining fasting

specimens rather than to conducting load tests. Second, under the

same conditions and in temperate environments, specimens of blood

give reasonably comparable results regardless of the time of day.

Finally, it is highly desirable to collect fasting rather than random
specimens of urine, o-wing to the difficulty in obtaining values other-

wise even roughly comparable with fasting levels.

SUMMAKT

1. Repetition of 4-hour oral vitamin loading tests employing ascorbic

acid, thiamine, riboflavin and nicotinamide administered at intervals of

2 or 3 weeks to soldiers subsisting on good field rations had no signifi-

cant effects on the results of subsequent loading tests or on the fasting

urinary excretion of ascorbic acid, thiamine, riboflavin or N'-methyl-
nicotinamide.

2. Under the same circumstances the fasting rates of urinary ex-
cretion of ascorbic acid, thiamine, riboflavin and ht'-methylnieotinamide
were more sensitive measures of vitamin intake in the previous 3 weeks
than were 4-hour oral vitamin loading tests.

3. IVhole blood hemoglobin serum protein, serum chloride and serum
ascorbic acid varied relatively little in the course of the day.

4. In contrast to the results for blood and serum, the fasting urinary
rates of excretion of chloride, ascorbic acid, thiamine, N'-methylnicotin-
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amide and riboflavin.and values obtained at other times of day were
not satisfactorily related in a simple manner .either when expressed:
(a) as concentration per 100 ml. of urine, (b) as concentration per 100

ml. of urine corrected to specific gravity 1.010, or (c) as excretion per
hour.

5. The practical conclusions for nutritional surveys are that when
it is not possible to conduct all the tests that might be desired, fasting

levels should be determined in preference to the results of loading tests;

that specimens of blood may with reservations be drawn at any time of

day; and that random specimens of postprandial urine should be

avoided if possible. These conclusions are limited to hemoglobin, serum

protein, chloride and ascorbic acid; and to urinary chloride, ascorbic

acid, thiamine, N*-methylnieotinamide and riboflavin.

ACKNOAVLEDGMBNTS

Operation of a field nutrition laboratory was made possible by the

skilled technical assistance of T/4J. Poulin, T/4A. Razoyk, T/5M.
Gastiglione, T/4 E. Ainsworth and Pfc. J. Stachelek, assigned to the

Harvard Fatigue Laboratory by the Quartermaster’s Climatic Eesearch

Laboratory, Lawrence, Mass.

We are indebted to Dr. L. A. Contreras of Lima, Peru, Fellow of the

Institute of International Education, for his assistance in this work.

literature cited

Fakheb, C. J., and a. P. Abt 1936 Determination of reduced ascorbic acid in small amounts

of blood. Proc. Soc. Exp. Biol, and Med., vol. 34, p. 146.

Pedee, V. H., G. T. Levis and H. S. Adden 1944 Studies on the urinary excretion of ribo-

flaxin. J. Nutrition, vol. 27, p. 347.

Habvet, S. C. 1910 The quantitative determination of chlorides in the urine. Arch. Int.

Jfed., vol. 6, p. 12.

Johnson, E. E., L. A. Contkebas, P. P. Robinson and P. C. Consolazio 1945 A comparison

of intravenous and oral vitamin tolerance tests. In preparation.

Johnson, E. E., E. C. Darling, F. Sargent and P. Robinson 1945 Effects of variations in

dietary vitamin C on the physical veil being of manual workers. J. Nutrition, vol.

29, p. 155.

Johnson, E. E., P. Sargent, P. F. Robinson and P. C. Consolazio 1945 Rapid field methods

for the estimation of riboflavin, thiamine and N’-methylnicotinamide. Ind. Eng.

Chem. (Analytic.al Ed.), vol. 17, p. 384.

Najjar, V. A., and L. E. Holt, Jr. 1942 A simple method for the laboratory diagnosis of

snbclinical deficiencies of thiamine, riboflavin and nicotinic acid. Bull. Johns Hop-

kins Hosp., vol. 70, p. 329.

Phillips, E. A., D. D. Van Sltke, V. P. Dole, K. Emerson, Jb., P. B. Hamilton and E. M.

Archibald 1943 Copper sulfate method for measuring specific gravities of whole

blood and plasma. Privately published.

Saboent, F., P. F. Robinson and E. E. Johnson 1944 F, and P, of Na.i.iar and Holt in the

urine of normal young men. J. Clin. Invest., vol. 2o, p. (14.
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The present investigation was undertaken because of the need for

experimental data concerning (a) the effect of food intake upon opti-

mal resistance to anoxia and (h) the trend of reactions that are induced

hy lowered atmospheric pressure. Concurrent .stiulie.s with Innnan

subjects gave additional evidence of the importance of food composi-

tion in relation to altitude tolerance.

Evidence has been presented by Packard ( ’07), Boothby et al. ( ’40),

Polonovski (’40), McFarland (’41) and others, that a diet high in carbo-

hydrates can afford measurable protection against anoxia. That carho-

Iiydrate motahoiism in turn, is affected by exposure to anoxia has been

demon.strated also (Van Middlesworlh et ah, ’44; Bryan et al., ’44;

AVarren, ’41; AfcQuarrie et al., ’42). Campbell (’38) concluded that tlie

diet wliich gives greatest protection agaimst acute anoxia in white rats

is one made up solely of carrots. Many of ids observations were con-

firmed by Nelson et al. (’43). Diets found hy Campbell to give no pro-

tection against anoxia included raw and cooked horse meat, cheese,

and whole milk, all of which are excellent sources of protein. Contrary
to these findings, Bierman (’43) suggested, although without support-

ing experimental data, that a diet high in protein is preferable. There
are sound theoretical reasons, however, for believing that preflight

and inflight meals high in protein would impair altitude tolerance, and
carefully controlled observatioms with human subjects have demon-
strated there is such a relationship (King el al., ’45; Butts, Mulholland
and Green, ’4.5).

’This iiivestigatiOD AS’as aitUd by a grnut from The Nutrition Foundation.

’The experimental data piveii in the present manuscript were preBented by one of the
authors (K. F. L.) in partial fulfillment of the requirements for the degree of Doctor of
Philosophy in Nutrition, under the Joint Committee on Graduate Instruction, Columbia Uni-
versity.
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G. MacLEOD

In this investigation three specific, alterations in diet •were studied.

One group of rats was,,given a diet of Purina' dog chow ad libitum and

a daily supplement of 5 gm. of raw horse meat. A control group was

continued on the dog, chow diet alone. Second, tivo groups of rats were

fed dog chow ad libitum, but a daily supplement of 2 gm. of sucrose in

syrup form was fed to one group. Third, one group of rats was fed

dehydrated carrots ad libitum as the sole source of food and the control'

group was fed an isocaloric quantity of dog chow. Before determining

the relative survival rates when subjected to severe anoxia (3% of

oxygen, 97% of nitrogen), composite urine samples were collected from

each group during three periods for the determination of pH, titratable

acidity, and ascorbic acid. During the first period, all animals were on

the chow diet
;
during the second, one group was on the chow diet and

the other received chow plus the supplement; during the third period,

experimental diets were continued and the animals were subjected to

mild anoxia (7.7% of oxygen, 92.3% of nitrogen).

Apparatus. To permit collection of composite urine samples, the

animals were placed in long narrow cages divided into eight- compart-

ments, each of which accommodated two rats. The cages were equipped

with stainless steel wire screen bottoms and were placed over glass-

lined funnels. Mild anoxia (simulated altitude, 25,000 feet) was pro-

duced by exposing the animals to a gas mixture containing 7.7% of

oxygen and 92.3% of nitrogen at atmospheric pressure.

Analytical procedure. On the days that ascorbic acid content of the

urine was to be determined, the urine was collected in metaphosphoric

acid of such strength that the final concentration was approximately

3%. The ascorbic acid content was then determined by use of a Coleman

Universal Spectrophotometer, Model 11, follorUng the procedure rec-

ommended bj’" Bessey (’38) for* the determination of small amounts of

ascorbic acid in turbid solutions in the presence of other reducing

substances.

Titratable acidity was determined on the composite urine samples

according to Folin’s method. A Beckman pH meter. Laboratory Model

G, was used to determine pH values.

Experimental animals. Male albino rats from Professor Sherman s

well standardized colony were used. Any animals that did not show a
)

normal gain in weight after being weaned (28 days) and placed on a

regimen of Purina dog cho-w (proximate analysis: carbohydrate 48.-1,

protein 26.2, fat 5.4%) and tap water ad libitum were discarded.
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Protein tests. (A) Fifteen pairs (litter-mates) of male albino rats

were divided into two groups in sucb a way that the average age of the

rats in each group was 88 days and the average body weight was 210

gm. For a period approximately 2 weeks, both groups were continued

on the chow diet. Composite urine samples were collected over a 3-

hour period, during which time the animals did not have access to

either food or water. Samples for pH and titratable acidity measure-

ments and for ascorbic acid determinations were collected on succes-

sive days.
TABLE I

^esulU (averages) obtained during three successive periods of two protein feeding tests:

(1) oil anima^j on chow diet; (S) group I on chow diet and group II on meat supplement;

(S) oil onimols subjected to mild anoxia.

ASCQUBIO ACID

Volume Volome

ACin SASE DATA

pH
N/IO NaOH

per ml.

Qrontig Qrouns Otoupa Groups _ Groups
I 11 I It 1 II I U I U

ml. uo /ml. ml Kanffi ml

A. aertes:

Ist period (3 hrs.) 13.2 12.8 37 45 11.1 11.6 6.3-7.0 6.6-7.7 0.44 0.30

2nd period (3 hrs.) 15.1 2S.8 56 51 13.9 24.0 6.1-6.7 6.&-7.1 0.56 0.39

3rd period (2 hrs.) 44.1 52.5 10 6 48.1 55.6 r.2-7.6 7.4-7.8 0.10 0.06

B. Second semes:

let period (6 hrs.) 12.4 11.1 38 37 12.1 11.3 5.3-7.5 5.6-7.9 0.36 0.34

2nd period (6 hrs.) 13.2 20.6 31 21 14.7 20.5 5.4-7.0 6.1-7.5 0.57 0.34

Srd period (3 hra.) 35.5 52.4 4 2 32.4 49.5 8.1-8-3 8.6-8.6 0.00 0.00

During a 16-day period, the diet of group I was unaltered, and group
II was given a supplement of 5 gm. of raw horse meat half an hour be-

fore the collection of the composite urine sample. Both groups were
subjected to mild anoxia during the following week. After obtaining
the ascorbic acid, pH and titratable acidity values on 3 different days,
the animals were subjected to severe anoxia (5% oxygen, 95% nitro-

gen). Six of the chow-fed group and two of the meat-fed group sur-
vived this treatment. In table 1 will be found the average results of
analysis of six composite urine samples collected during the preliminary
and supplement-feeding periods and of three samples collected during
the period of mild anoxia. The average body weights of the control

. and meat-fed groups wore, respectively: 210 and 210 gm. at the begin-

f
ning, 232 and 231 gm. when the supplement was started; and 254 and
264 gm. at the end.
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(B) Because of the wide variations in results obtained by analysis

of composite urine samples collected while the animals were held under

comparable conditions, the experiment outlined in (A) was repeated,

with slight changes. Urine samples were collected from sixteen indi-

vidual male rats (average age, 86 days; average weight, 154 gm.) over

a 6-hour interval. The samples were titrated with 2,6-dichlorophenol

indophenol to an endpoint which lasted approximately 5 seconds. Tlie

sixteen rats were then divided into two groups in such a way that the

avei’age ascorbic acid excretion per milliliter of urine was approxi-

mately the same for each group. During the next 2-week period, a

supplement of 5 gm. of raw horse meat was fed daily (with the ex-

ception of Saturdays and Sundays) to each animal in group II. Urine

samples from the individual rats were collected during the period im-

mediately after consumption of the meat. Titratahle acidity and pH,

and ascorbic acid determinations were made on alternate days. Com-

posite uj-'ine samples were collected during a 3-hour exposure to mild

anoxia. Average values are given in the B section of table 1 for the

individual samples collected during 4 days in the first and second

periods of the experiment and on the composite samples collected dur-

ing the period of mild anoxia. The average initial, intermediate and final

body weights of the animals in groups I and II were, respectively: 156

and 151 gm.
;
169 and 172 gm. ;

and 204 and 229 gm. The two groups of

rats were then subjected to severe auoxia for an hour and three-

quarters. Of the meat-fed group, one survived
; of the chow-fed group,

four survived.

Carbohydrate tests. (A) Thirty male albino rats, average age 111

days and body weight 248 gm., were divided into two groups of fifteen

each. During the preliminary period, 3-hour composite urine samples

were collected from each group and analyzed. The animals in one

group Avere then given, by means of a medicine dropper, 2 gm. of

sucrose in syrup form (66.6^ by weight) each day immediately before

collecting the 3-hour urine sample (second period). Both groups of

rats were then subjected to mild anoxia for 2 hours (third period).

One rat in the chow-fed group and four in the sugar-fed group did not

survive this treatment. The 2-hour exposures to mild anoxia and sup-

plement feeding were continued, and the data obtained on ascorbic acid

and titratable acidity were calculated to a basis of fifteen rats in eacli

group. When the two groups ivere subjected to severe anoxia, five rats

in each group survived. The average values obtained on analysis (a)

of six samples of urine collected during the preliminary and supple-

ment-feeding periods and (h) of five samples collected during the period
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of anoxia are given in table 2. Tbe intermediate and final average body

weights of groups I and II were 251 and 2'19, and 273 and 265 gm., re-

spectively.
TABLE 2

Jtesults (averages) obtained during three successive periods of three series of carbohydrate

feeding tests: (1) all animals on chow diet; (S) group I on chow diet and group 11 on sugar

supplement ; (3) all anvinais subjected to mttd anoxia.

jisconnioACii> acid-babe data
N/10 NnOlI

VoltiTne Concn. Volome pH pgrml

Groups Groups Groups Groups Groups

I II I 11 I II I II I II

tnl. uo./ml. mt Range ml

J. First series:

Istpeiiod (3 hrs.) 14.1 14.6 31 43 14.5 15.6 6.1-7 .0 6.3-7.4 0.52 0.46

2nd period (3 hrs.) 14.8 12.3 34 77 15.1 12.2 "B.3-6.7 6.0-6.2 0.49 0.60

Std period (2 hrs.) 62.7 64.5 7 15 53.2 51.1 6.9-7.5 7.0-7.6 0.09 0.09

B- Second series:

Ist period (4 hrs.) 16.7 16.3 87 86 15.7 15.3 6.0-6.3 6.2-6.5 0.69 0.62

2nd period (4 hrs.) 15.1 14.5 80 86 16.4 16.3 6.1-6.4 0.2-6.6 0.55 0.45

3rd period (2 hrs.) 39.4 65.1 20 12 22.3 34.1 7.6-7.7 8.0-8.2 0.05 0.00

C. Third series:

let period (6 hrs.) 16.1 17.3 39 37 15.8 15.4 5.7-7.6 5.5-6.7 0.49 0.54

2nd period (6 hrs.) 10.1 20.3 37 27 16.4 18.1 5.8-8.1 5.6-7.2 0.37 0.32

3rd period (3 hrs,) 47.7 47.1 3 1 44.5 51.2 8.5-8.6 8.6-8.6 0.00 0.00

(B) Twenty-eight male albino rats were divided into two groups of

fourteen animals each, average age 138 days, average body weight 255

gm. in group I and 263 gm. in group II. The animals were subjected to

essentially the same treatment as before. The average values for as-

corbic acid, pH, and titratable acidity are recorded in table 2. Tbe
average body weights in groups I and II were 255 and 261 gm., re-

spectively. At the conclusion of the experiment when severe anoxia
was administered, eleven animals in the chow-fed group and eight in

the sugar-fed group survived.

(C) Twenty male albino rats were separated into two groups of ten

I

each; the average initial ages and body weights of animals in groups

n
I and II were 82 and 78 days, and 182 and 186 gm., respectively; aver-

ij

age final body weights in groups 1 and 11 were 236 and 242 gm. The
; average values for individual samples collected on 4 days during the

j
preliminary and supplement-feeding (2 gm. of sucrose) periods are

j
given in table 2 along with the averages of four composite samples
collected during the period of anoxia.

Carrot tests. (A) Fifteen pairs (litter-mates) of male albino rats
^,were separated into two groups, average age 105 days, average body
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weight 217 gm. The chow diej was continued for both groups, during
the preliminary period when analyses were made on composite 3-liour

samples. The animals of the two groups were next paired according
to weight and placed in separate cages. One animal of each pair was
given dehydrated carrots ad libitum and the other was fed an isocaloric

amount of the chow. During the next 2 weeks, composite 3-hour samples
were collected and analyzed. Mild anoxia was administered for only

2 days. MTien subjected to severe anoxia, nine rats in each group

survived.
TABLE 3

Results (averages) obtained during successive periods of carrot feeding tests: (1) all animals i

on chow diet ; (S) group 1 on chow diet and group 11 on dehydrated carrots; (S) all animals

subjected to mild anoxia, in series A.

ASCORBIC ACID

Volume Gonen. Volume

ACID-BASE DATA

pH
N/10 NaOH

per ml.

Groups Groups Groups Groups Groups

I II I IX I II I II I 11

ml. UP /ml. ml. Hanffe ml

A. First series:

1st period (3 lire.) 14.0 13.4 23 24 13.9 13.5 5.4-6.8 6.0-6.7 0,55 0.56

2nd period (3 hrs.) 11.8 15.2 20 5 - 12.0 14.5 6.2-6.5 8.1-8.3 0.66 0.00

3rd period (2 hrs.) 21.8 18.0 10 3 27.0 23.5
"

7.08 8.32 0.08 ’0.00

B. Second series:

1st period (8 hrs.) 28.3 27.2 32 35 27.9 28.2 5,5-7.8 5.5-7.4 0.36 0.4C

2nd period (3 hrs.) 8.1' 13.5 38 2 10.3 13.0 6.0-6.1 8.3-8.5 0.47 0.00

The average values from six samples of urine obtained during the

first period and five samples during the second period are reported in

table 3. The samples were obtained from individual rats dux-ing the

preliminaiy and carrot-feeding period but composite samples were

necessary during the period of anoxia.

(B) During the preliminary period in which all the animals received

the chow diet, individual samples of urine were collected from thirty-

two male albino rats and analyzed as before. Two groups of sixteen

rats each were then selected so that each rat had a litter-mate in the

other group (average age 59 days, average body weight 102 gm.). One

group was fed dehydrated carrots ad libitum and the other was allowed

to consume an isocaloric quantity of chow, through a period of 9 days.

The average values obtained for five samples during the preliminary

j

period and two samples during the carrot-feeding period are given in

table 3. The animals were not subjected to mild anoxia, but were ex-

posed to severe anoxia immediately. Thirteen animals in each group

survived.
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(C) Wlien dehydrated carrots were fed as the sole source of food,

a state of alkalosis developed in the rats, nrinary pH values of 8.0 and

over being observed regularly. Considering that the alkaline state per

se might increase the rats ’ tolerance of anoxia, twenty male albino rats

were divided into two groups of ten each; one group was put on the

carrot diet for 3 days and the other was continued on the chow diet

ad libitum. The pH of the urine was determined the day before feed-

ing the dehydrated carrots and 2 days thereafter. Severe anoxia was
administered on the third day. Two animals in the chow-fed group

and six in the carrot-fed group survived.

(D) The experiment was repeated using ten male albino rats in

each group, but instead of using air diluted ivith nitrogen, the animals

were subjected to reduced atmospheric pressure in a decompression

chamber. Urinai-y pH values were of the same order as before. They
were taken in 6 minutes to a pressure corresponding to 40,000 feet ele-

vation and held there for 2 minutes. Three animals of the chow-fed

group and four of the carrot-fed group survived this treatment. Since

the rapidity of “ascent” in this experiment might have mitigated

against the demonstration of a distinct difference in the survival ca-

pacity of animals, a third experiment was conducted.

(E) The feeding of carrots to one group (15 animals in each) was
continued for 3 days. Bach day both groups were subjected to anoxia

in a decompression chamber. On the first day they were taken to a

pressure corresponding to 20,000 feet elevation in 30 minutes and held

there for 30 minutes. The next day the animals were taken to the same
altitude in 30 minutes and held there for 1 hour. On the third day the

pressure was decreased to 40,000 feet eievation in 30 minutes and hold
there for 2 honrs. (Kats have a remarkable capacity to adjust to high
altitudes, upon repeated exposures.) Composite urine samples were
collected on all 3 days for pH determination. All animals on the carrot

diet survived exposure on the last day, but only five animals on the
chow diet survived. Urinary pH values for these three experiments
are given in table 4.

^

TABl-B 4

Effect of carrot feeding upon «ttmwoI and urinarg pS values.

[

SXrtRIMBNT C BXPETtJMBJlT P IXPIBIMENT T.

Chow-fed Carrot-fed Chow-fed Carrot-fed Chow-fed Carrot-fed

Before carrot feeding 7.S 7.6 7.9 7.9

let daj of carrot feeding 7.0 8.6 6.3 8.3 7.1 s.o

2nd day of carrot feeding 7.2 8.6 7.0 8.3 6.6 8.2

Survival after severe exposure 2 of 10 6 of 10 3 of 10 4 of le 5 of 15 15 of 15
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DISCUSSION

An effect of anoxia wiiicli was apparent throughout these experi-

ments, legardless of the diet or supplement fed, was polyuria. A simi-

lar observation has been reported by Silvette
(
’42) who also worked

with male albino rats. He found that the urinary excretion per 100 gm,

of body weight was increased over 300% when the animals were main-
tained for 3 hours at a simulated altitude of 15,000 feet in a low pressure
chamber. In the present tests, volume increases of 100 to 300% were
observed frequently.

Another effect was that of an increase in the pH with accompanying
decrease in titi’atable acidity when the animals were subjected to mild

anoxia, confirming the findings of Brassfield and Behi’mann (’41), with

dogs. A decrease in the ascorbic acid concentration occurred concomi-

tantly with an increase in pH, irrespective of the diet or supplement

fed. The phenomenon of a decrease in ascorbic acid content of alkaline

urine has been observed by Hawley et al. ( ’36 ;
’37). In the experiments

in which dehydrated carrots were fed as the sole source of food and in

those iu which 5 gm. of raw horse meat were fed as a supplement to

the chow diet, the decrease in ascorbic acid per milliliter of urine was

noted before 'anoxia was induced. In the protein tests, a decrease in

titratable acidity accompanied by a slight increase in pH was noted

when the rats received the meat supplement. In rats the ratio of urea

to ammonium nitrogen is approximately 8: 1 (G-riffith and Farris, ’42),

in contrast to a ratio of 25 : 1 (Best and Taylor, ’43), observed in human

urine.

Krasno et al. (’43) have studied the effect of exposure of human sub-

jects to moderate anoxia, relative to the excretion of ascorbic acid. In

forty-nine tests made on nineteen subjects, the urinary concentration

of ascorbic acid was diminished in all but seven cases. In every case

where urinary pH values were recorded before and after exposure to

various altitudes up to 18,000 feet, the pH had increased in all but four

tests. The pH in these four cases was 7,5 both before and after exposure,

A study of the effect of organic compounds which function as nerve

depressants on the synthesis of ascorbic acid in the rat has shown

(Longenecker et al., ’40) that even though the substances differed

greatly in chemical structure, the synthesis of ascorbic acid was in-

creased enormously, sometimes as much as a hundredfold. Among the

most active compounds were chloretone, paraldehyde, sodium pheno-

barbital, and calcium ipral. It was postulated tht the accelerated as-

corbic acid synthesis is a protective mechanism available to the animal

against foreign toxic substances, including those that suppress respira-



ASOXIA. AND ASCOBKXC ACID lOT

tion of the central nervous system, although there was no direct evi-

dence of the mechanism involved. On the basis postulated, anoxia im-

posed by low oxygen tension would be analogous in some respects.

Gordon et al. (’44) and Leblond (’44) observed that a diet to xvbioh

thiourea (e.g., 0.5%) was added increased the altitude tolerance of

rats. They were of the opinion that an induced state of functional

hypothyroidism resulted in a reduction of the basal metabolic rate and

hence an increased altitude tolerance. A starvation diet or one which

causes loss in body weight may also reduce the basal metabolic rate.

Smith et al. (’44) observed that cats given a diet (cauued rabbit meat

plus vitamin B supplements) restidcted in amount so that they lost 15

to 20% of their body weights within 1 or 2 weeks showed an increase

in resistance to low oxygen tension.

In the early carrot tests when the food consumption of rats on the

chow diet was regulated to equal that of the group receiving dehydrated

carrots, there was little difference in the tolerance of the two groups

when subjected to a lethal degree of anoxia. All groups of animals re-

ported in table 3 lost more than 10% of their body weight in 3 weeks.

It is evident that the degree of protection afforded against anoxia

fay means of carrot feeding varies markedly with the conditions of

testing. The alkalinity of the urine of rats fed dehydrated carrots only

is apparently caused chiefly by the high potassium content, without an
equivalent amount of “fixed acids.’’ Follis et al. (’42) have found that

pathological alterations in the heart and kidneys of rats may be pro-

duced by feeding a diet extremely low in potassium content (0.01%).
Possibly an excess of potassium affords a moderate degree of protec-

tion against anoxia. According to Dixon ( ’40) it is probable that nerve
cells and fibers are impermeable to sodium and to the majority of ani-

ons, whereas potassium ions can penetrate the neuronal surfaces. From
studies on the cerebral cortex in vitro, he found that deprivation of

oxj'gen increases both the destruction of glucose and the production of

lactic acid. The addition of excess potassium ions, however, markedly
inhibited lactic acid production and glucose destruction. With this de-

pression of metabolism, decreased oxygen consumption probably would
follow and aid the animals in combating oxygen want.

SUMMARY

The effect of anoxia, induced by breathing a gas mixture low in oxy-
gen at atmospheric pressure, on groups of male albino rats fed (a) dog
chow alone, (b) a chow diet plus a daily supplement of 5 gm. of raw
horse meat, (o) a chow diet plus a pre-exposure supplement of 2 gm. of
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It is now well established that thiamine, ilboflavin, nieotinic acid and

pyridosine are required by the adult dog. There are, however, few data

in the literature concerning the importance of pantothenic acid, choline,

inositol, biotin and other B complex factors for the nutrition of the

adult dog. In this communication observations are reported on adult

dogs maintained for about 44 years on a basal diet which, according to

present knowledge, had no significant amounts of the members of the

B vitamin complex but was supplemented with thiamine, riboflavin,

nicotinic acid, pyridoxine and in some cases pantothenic acid.

Six mongrel female dogs, 1 to 14 years old, were placed on test in

July, 1940, after having been immunized against distemper, dewormed,

and found to be normal both by physical examination and by study of

the blood and the urine. The percentage composition of the basal diet

(620) was as follows; casein “vitamin-free”' 30; dexti’oso 41; hy-

drogenated cottonseed oil - 21; corn oil 0.15; salt mixture U.S.P. XI 3;

bone ash 2.85; and cod liver oil 2. Since, at the outset of the experiment,

the dogs were to he prepared for studies on pantothenic acid deficiency,

the basal diet was supplemented in all six animals by daily doses of 1 mg.
each of thiamine, riboflavin, and pyridoxine and 10 mg. of nicotinic acid.

Two dogs were given, in addition, 10 mg. of calcium pantothenate. Ade-
quate amounts of vitamins A and D were supplied by the cod liver oil

in the basal diet. The dogs were given 20 mg. of alpha tocopherol once
a week.

For the first 6 months all the dogs appeared normal in spite of the

fact that within the first 3 months their urinary excretion of pantothenic
acid had di'opped from a range of 100-500 pg. per dog per day to 2-15

pg. per dog per day. However, beginning in the seventh month of the

experiment, one of the dogs on the pantothenic acid deficient diet began
to appear rather listless and started to lose weight. One morning, just

' Casein Harris ivas used until September, 1943, when Casein Labco was substituted.
’ Crisco.

Ill
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total acidity to be normal.. All three dogs were found to show some in-

crease in bromsulfalein retention, suggesting an impairment in hepatic
function. It is of interest that the increased bromsulfalein retention
was first observed in these dogs at the end of the first year of the e.\--

periment and has grown no worse.

DISCUSSION

The observations on adult dogs on a pantothenic acid deficient diet

indicate that the dietary requirement for this vitamin is not critical

since many months may elapse before deficiency becomes manifest. It

is impossible to predict the time required to deplete an adult animal,

as in this experiment one of four dogs died after 9 months iiresumably

of pantothenic acid deficiency; two were cured by pantothenic acid

when they seemed on the verge of death after 17 month.s on test, while

the fourth still shows no signs of deficiency in spite of the fact that

she has been given no pantothenic acid for 4^^ years. lYhile it is pos-

sible that some coprophagy occurred, it could not have been great as

the dogs were kept on a coarse mesh screen which was washed daily.

The basal diet was shown to have a maximum of 0.1 gg. of pantothenic

acid per gram by microbiological assay, and when given to young rats,

the syndrome of pantothenic acid deficiency appeared at the expected

time. Furthermore, a group of four weanling puppies fed the same

diet and supplement all died within 6 weeks, whereas, two litter mate

controls on this diet but receiving a supplement containing iiantothenic

acid were still apparently healthy after 6 weeks. This confirms the

report of Schaefer, McKibbin and Elvehjem ( ’42) Avho found that the

requirement of growing dogs for pantothenic acid was much greater

than that of the adult dog. Unna and Richards (’42) have reported that

the adult rat requires less pantothenic acid than the young animal.

The clinical picture of pantothenic acid deficiency in the adult dog

has no striking features which can be regarded as pathognomonic.

Laboratory studies might be of some value in differential diagnosis in

that if a debilitated dog shows a moderate anemia, low blood total

lipoid and cholesterol values, together with the low pantothenic acid

blood levels and urinary excretion values that have been reported by

Silver ( ’44), a diagnosis of pantothenic acid deficiency is suggested, but

a therapeutic trial would be. necessary to prove the diagno.sis.

Under the conditions of this experiment, the lack of inositol, biotin,

“folic acid” and perhaps other unidentified B complex factors in the

diet did mot result in any evidence of deficiency disease in the adult

dog over a period of 44 years with the exception of some increase in
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bromsiilfalein retention, suggesting tlie possibility of moderate liver

damage. IVbile cboline rvas not given per se, tbe diet contained 20 fo

casein and consequently bad a relatively large amount of methionine.

These observations on the adult dogs differ from the results of

studies on puppies reported by Schaefer, McKibbin and Elvehjem ( ’42)

vho found that the addition of thiamine, riboflavin, pyridosine, nico-

tinic acid and choline to a B complex free ration containing 19% casein

did not suffice to maintain the puppies in good health. They found that

the resulting condition was curable by liver extract but felt on the basis

of preliminary data that mixtures of inositol, p-aminobenzoic acid and

glutamine were not curative. Lambooy and Nasset ( ’43) found that

puppies on a vitamin free ration containing 35% casein supplemented

tvith all the synthetic members of the B complex except biotin failed to

survive unless liver or yeast was added. Pouts ( ’43) found that pup-

pies maintained on a vitamin free high protein (41.4% casein) basal

diet supplemented with thiamine, riboflavin, nicotinic acid, pyridoxine,

pantothenic acid and choline did very well, whereas, puppies on a lower

protein (15% casein) diet died within 88-267 days.

If, as is suggested by the experiment of Pouts, the percentage of

protein is a critical factor in the maintenance of dogs on an artificial

diet these experiments on adult dogs cannot justly be compared with

the experiments on puppies cited above since the protein content of

the diets was not identical. However, the fact that Lamhooy and Nas-
sefs puppies did not survive on a diet containing 85% casein, whereas
the adult dogs apparently did so well on 30% casein, suggests that the

dietary requirement of the adult dog is not as great as that of the

growing dog for one or more of the following factors : choline, inositol,

biotin, “folic acid” and other unidentified B complex factors. This de-

crease in dietary vitamin requirements may be due to an actual lower-
ing of the metabolic requirements for the vitamins, an increased intes-

tinal synthesis or a combination of both factors.

SUMMARY

1. The dietary requirement of the adult dog for pantothenic acid is

so small that the production of pantothenic acid deficiency is a very
•slow process. Of four dogs maintained on a diet lacking pantothenic
acid, one dog died in 9 months; two developed acute deficiency disease
in 17 months and were cured by pantothenic acid, and the fourth dog
showed no gross evidence of deficiency disease after 41 years.

2. Three dogs have been maintained in apparent good health for
4-1 years on a basal diet, supplemented with thiamine, riboflavin, nice-
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total acidity to be normal. All three dogs were fou)id to sboiv some in-

crease in bromsulfalein retention, suggesting an impairment in bepafic
function. It is of interest that the increased bromsulfalein retention
was first observed in these dogs at the end of the first year of the ex-

periment and has grown no worse.

DISCUSSION

The observations on adult dogs on a ipantothenic acid deficient diet

indicate that the dietary requirement for this vitamin is not critical

since many months may elapse before deficiency becomes manifest. It

is impossible to predict the time required to deplete an adult animal,

as in this experiment one of four dogs died after 9 months presumal3ly

of pantothenic acid deficiency; two were cured by pantothenic acid

when they seemed on the verge of death after 17 months on test, while

the fourth still shows no signs of deficiency in spite of the fact that

she has been given no pantothenic acid for 4i years. While it is pos-

sible that some coprophagy occurred, it could not have been great as

the dogs were kept on a coarse mesh screeii which was washed daily.

The basal diet was shovm to have a maximum of 0.1 ag, of pantothenic

acid per gram by microbiological assay, and when given to jmnng rats,

the syndrome of pantothenic acid deficiency appeared at the expected

time. Furthermore, a group of four weanling puppies fed the same

diet and supplement all died within 6 weeks, whereas, two litter mate

controls on this diet but receiving a supplement containing pantothenic

acid were still apparently healthy after 6 weeks. This confirms’ the

report of Schaefer, McKibbin and Elvebjem ( ’42) who found that the

requirement of growing dogs for pantothenic acid was much greater

than that of the adult dog. Unna and Richards ( ’42) have reported that

the adult rat requires less pantothenic acid than the young animal.

The clinical picture of pantothenic acid deficiency in the adult dog

has no striking features which can be regarded as pathognomonic.

Laboratory studies might be of some value in differential diagnosis in

that if a debilitated dog shows a moderate anemia, low blood total

lipoid and cholesterol values, together -with the low pantothenic acid

blood levels and urinary excretion values that have been reported by

Silver (’44), a diagnosis of pantothenic acid deficiency is suggested, hut

a therapeutic trial would he necessary to prove the diagnosis.

Under the conditions of this experiment, the lack of inositol, hiotm,

"folic acid” and perhaps other unidentified B complex factors in the

diet did not result in any evidence of deficiency disease in the adult

dog over a period of years with the exception of some increase in
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i There is considerable controversy in the nutritional literature as to

le availability of organically bound phosphorus, particularly phytin

\iospborus and phytic acid phosphorus. Bruce and Callow ( ’31) suggest

Siat phytic acid or phytin might be the constituent in cereals which is

sponsible for their rachitogenio effect. Kreiger et al. ( ’41) report that

“^lytio acid phosphorus was markedly inferior to inorganic phosphorus

0r bone calcification in rats. These views are supported by hIcGinnis

al. ( ’44) who maintain that inorganic phosphorus is needed for nor-

J'''hl hone development in the chick in addition to the organic phosphoru.s

poultry rations. Singsen and Mitchell ( ’44) maintain that the phos-

orus of plant protein concentrates is available to the chick under

tain conditions. Hart and coworkers (’09) indicate that phytin

osphorus is available to the pig. The phosphorus of soybean phos-

itides appears to ho readily available according to Kreiger et al. ( ’41).

t has been reported (klorrison, ’43) that soybean oil meal contains

iroximately 0.66% phosphorus. Analyses in this laboratory using

method of Piske and Suhbarow ( ’25) are in close agreement with

value. The nutritional value of the soybean oil meal phosphorus,
ever, depends upon its availability to the animal,

ang and Dju { ’39) found that 43% of the total phosphorus of soy-

is was present as phytin phosphorus. Earle and Milner ( ’38) have
rted that 75-80% of the total soybean phosphorus is present as
in and that 10% is present as phospholipid phosphorus. Analyses
le method of kfcCance and Widdowsen (’35) have shown that 58%
bUshed \vi(h the approval of the Director of the Wisconsin Agricultural Esperiwent
1. This stoilr has hem sopported in part by a grant from the A. E. Staley Mannfactnr-
mpany, Decatur, Illinois.

ire indebted to Jlerck and Co., Rah-way, New Jersey, for the synthetic vjt.imtns; to
and Company, Chicago, Illinois, for the 1; 20 liver powder; and to Abbott Laboratories,
Chicago, Illinois, for halibut liver oil.
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tinic acid, pyridoxine and for two of the three dogs with pantotlienif

acid also. The basal diet according to present knowledge had no si>

nificant amounts of the members of the B vitamin complex.
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ties to insure ad libitum consumption. The rats were kept in cages of

galvanized wire.

At the end of 5 weeks, the animals were sacrificed and the femora

removed and used for the determination of bone ash. The bones were

extracted with 95% ethyl alcohol for 72 hours, dried, and weighed.

Ther were then ashed at 1600'’F. for a period of 2 hours, cooled in a

desiccator and the ash weighed.

Experiment I

The fii-st experiment was designed to demonstrate the availability

of soybean oil meal phosphorus at two levels of phosphorus feeding.

One was used in which soybean oil meal furnished all of the phosphorus

except a trace (0.028%) present in the basal ration thus providing a

total of 0.256% phosphorus in the ration. This level has been considered

by Kreiger et al. ( ’40) to be adequate for the growing rat. The other

level (0.328% phosphorus) furnished slightly more phosphorus than

the reported minimum requirement of the rat. vSince fibrin was used

as the sole source of protein it seemed important to directly compare

it with the standard laboratory protein, casein. The protein was kept

at a constant level of 14% in all cases. The 1% of 1:20 liver powder

furnished less than 0.50% protein and as a result introduced a slight

error. Since this was constant in all groups, the effect on the protein

level would seem to be negligible especially in view of the estimation

that 1% of 1 ; 20 liver powder would contribute at most only 0.004%
cystine and 0.008% methionine.

The dietary regimen can be obtained from table 1. Five male and five

female weanling rats were used in each lot.

Results

The effect of the basal fibrin-low phosphorus ration, the phosphorus
level, and the source of protein upon growth is shown in figure 1. It is

seen that little or no growth occurred in the rats fed the basal ration
only. Inspection of these data show that the phosphorus (0.228%) of
expeller type soybean oil meal was equally as available as 0.228% of
inorganic phosphorus for growth since the growth rates of the rats
in these two lots were practically identical. It is evident that 0.256%
phosphorus was not quite optimum for this period of rapid growth
|of the rat when daily gains of more than 3 gm. were expected. "When
the phosphorus level was raised to 0.328%, increased rates of gain in
.weight were obtained. It is also evident that soybean oil meal fur-
nishes protein which will produce gains in body weight nearly equal
to that produced by 14% fibrin when the former is fed on an equivalent
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TABLE 2

The availahility of soybean oil meal phosphorus (Experiment II),

LOT
KO.

NUMBER
OF

RATS
RATION

PHOS-
PHORUS

IN
RATION

CALCIUM
IN

RATION

BONE
ASH
AVEE*
AGE

% % %
1 e Basal ' .028 .60 25.4

2 6 Basal + 0.228% inorganic P .256 .60 50.2

3 6 Basal 4- 0.3% inorganic P .328 .60 . 57.2

4 12 Basal 4- 0.4% inorganic P .428 .60 57.2

5 6 Basal without fibrin 4- 34% expeller soybean

oil meal (14% protein and 0.228% P)

.256 .69 •' 54.0

6 6 Basal rvithout fibrin 4- 34% expeller soybean

oil meal (14% protein and 0.228% P) +
0.172% inorganic P

.428 .69 58.5

7 6 Basal without fibrin 4- 14% casein (0.11% P)

4- 0.29% inorganic P
.428 .67 57.8

8 6 Basal without fibrin 4- 34% solvent soybean

oil meal (not toasted 14% protein and

0.228% P)

.256 .69 52.4

9 6 Basal without fibrin 4- 34% solvent soybean

oil meal (heated 48 hours, 98°C., 14%
protein and 0.228% P)

.256 .69 53.5

10 6 Basal without fibrin 4- 34% solvent soybean

oil meal (heated 48 hours, 98°C., 14%
nrotein, 0.228% P) 4- 0.172% inorganic P

.428 .69 56.7

Fig. 2 The effect of e.xpeller and solvent soybean oil meal phosphorus and protein upon

growth in comparison with inorganic phosphorus and standard laboratory proteins.
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phosphorus requirement of the rat does not exceed 0.328% of the

ration. The phosphorus of solvent extracted soybean oil meal appears

to be as readily available as that of expeller soybean oil meal. Addi-

tional heating of the meal had no effect on the availability of its phos-

phorus under the conditions of our experiment.

In this experiment as well as in the previous one the protein of soy-

bean oil meal was nearly equal to that of blood fibrin and both of these

proteins were distinctly superior to casein when fed at a level of 14%
of the ration. These data would indicate that rations using soybean oil

meal as the source of protein when properly supplemented with vita-

mins including choline do not require methionine or cystine in added

amounts greater than that supplied by 1% 1 : 20 liver powder. It is

recognized that 1 : 20 liver powder contains traces of these amino acids.

Beach et al. ( ’43) present data to show that whole liver contains 1.1 to

1.55% cystine and 2.4 to 2.90% methionine. The 1 : 20 liver powder used

in these experiments was a H^O extract of liver and therefore would not

greatly influence the protein levels used. It is estimated that this ra-

tion ingredient would add less than 0.0047ti of cystine and 0.008%

methionine, and it is possible that such contamination would be much
less than this estimate.

MSOUSSION

The basal ration used in these experiments with 14% blood fibrin

as the source of protein makes an excellent low phosphorus ration when
low phosphorus salts are employed. It contains on the average only
0.028% phosphorus. The animals on the basal ration grew an average
of 0.5 gm. per day over the 5-T.veek experimental period. Their hair-
coat was rough and diarrhea was common. They were quite inactive
and unthrifty. Their bones were very fragile, and averaged only 25.6%
ash.

When adequate phosphorus was added to this ration, excellent growth
resulted. These rats grew at an average rate of AG gm. per day.
Their appearance was excellent, no diarrhea occurred and their bones
averaged 58.7% ash. This growth rate was superior to that obtained
when casein was fed at an equivalent protein level.

These results indicate clearly that the blood fibrin ration used is an
excellent low phosphorus ration, and promotes a very favorable growth
rate in young rats when it is adequately supplemented with phosphorus.
Kreiger and coworkers (’40), considered the optimal level of intake

^

of phosphorus for the rat to be 0.257% of the ration. They obtained an
average bone ash percentage of 61.5% after 10 to 14 weeks on the ex-
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The occurrence of polyneuritis in chronic alcoholics was recognized

150 years ago (Minot, Strauss and Cobb, ’33), and was first believed

to be due to a direct “neurotoxic” injury of the nerves by the alcohol.

The correct association of this condition with a deficient thiamine in-

take was established during the past 10 years (Strauss, ’35; Jolliffe

and Joffe, ’33; Jolliffe and Colbert, ’36; Jolliffe, Colbert and Joffe, ’36;

Goodhart and Jolliffe, ’38; Jolliffe, ’40b; Yfeobsler et al., ’36; Alex-

ander, ’41; and M’'ortis ct al., ’42). ’The inadequate thiamine intake of

the chronic alcoholic obviously resulted from the consumption of a

large percentage of his total calories in the form of a distilled vitamin-

free alcohol. But the results of the clinical studies by Jolliffe and co-

workers further indicated that the metabolism of alcohol contributed

to the production of the thiamine deficiency because of a requirement

for thiamine in the metabolism of the alcohol (Jolliffe, ’40 a); in a

group of chronic alcoholics the correlation of clinical polyneuritis with

the dietary history was significant only when the calories from the

alcohol were included in the calculation qf the thiamine requirement.

A possible mechanism for the relationship of alcohol metabolism to

thiamine was suggested by the theoi'y of intermediary acetoin foi-ma-

tion (Wcsterfeld, Stotz and Berg, ’42, ’43), in which the acetaldehyde

formed by the metabolic oxidation of alcohol would condense with
pyruvate under the catalysis of a diphosphothiamine enzyme to form
acetoin. It has been shown by in vitro studies that this reaction re-

quires diphosphothiamine (Green et ah, ’42; Stotz et ah, ’44), and it is

also known that the reaction can take place in vivo (Stozl el ah, ’44).

The rate of alcohol metabolism was not decreased during thiamine
deficiency (Berg et ah, ’44).

The thiamine requirement is known to vary with the composition of

the diet
;
it is increased by a high carbohydrate intake and decreased by

’ Supported by a grant from the Nutrition Foundation, Inc.
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The development of thiamine deficioncy symptoms also differed in

the various groups. The percentage of each group that passed throngli

the classical head retraction and tumbling syndrome varied from about

5090 on diets I and IV, 25% on diet II, and 80% on diet III. Marked

deficiency symptoms without opisthotonus occurred in some of the other

birds but about | of the birds on diet II, i on diet IV, i on diet I, and i

of the birds on diet III died without marked symptoms heralding the

event. Thus both diets containing alcohol tended to prevent the ante-

mortem appearance of acute thiamine defteienoy symptoms. If these

birds died suddenly from some effect of the alcohol rather than from

the thiamine deficiency, then the thiamine-sparing action of the alcohol

would be greater than indicated by the results actually obtained.

The intei'val between the appearance of opisthotonus and death on

diets I and II was usually no more than 1 day; on diets III and IV, it

averaged 1.5 and 2.5 days, respectively. Two of the birds on diet

and one on diet II developed classical opisthotonus that remained for

I to G days and then spontaneously disappeared ; it reappeared again

in two of the birds after intervals of 13 to 31 days. This phonomonon
has never been observed in any of the birds which were foroe-fod with

non-alcoholic diets. Following the spontaneous disappearance of opis-

thotonus, these pigeons e.xhibited a very marked leg weakness that per-

sisted until subsequent death. Thus the inclusion of alcohol in the

diets allowed a few of the birds to recover from the marked deficiency

symptoms, that invariably led to rapid death on other diets, and con-

tinue to exist in a state of marked hut snh-aente deficiency.

Comparison of the weight loss in the various groups shows rather

conclusively that vomiting and any resultant inanition that might have
occurred during the latter stages of the deficiency was not an importaat

factor invalidating the results. The weight loss of the birds on diets

UI and IV was about the same in spite of the longer survival of group
rV, and both groups lost less weight than those on diet T. Only on diet

II was the longer survival associated with a greater weight loss, and

, this effect could he associated with the longer survival per se or the

metabolic effect of alcohol as well as with any inanition resulting from
:

vomiting.

Scries II

In a repetition of those studies, the experiments wore designed fo
eliminate some of the variables present in the first series. All of the

t birds were first brought into opislhotomi.s by the daily force-feeding

of diet T. Vflien opisthotonus appeared, each bird was given 23 pg.
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DiscassroN

Tlie results show that the isocaloric substitution of alcohol for dietary
fat or carbohydrate delays the onset of acute thiamine defioieney

symptoms. If this thiamine-sparing action represents a decreased uti-

lization of thiamine in the metabolism of the foodstuffs ingested, then

the simplest explanation of the results obtained is that alcohol requires

less thiamine for its metabolism than carbohydrate. ^Yhile the thia-

mine requirement for alcohol could theoretically be zero from these ex-

periments, the sparing action observed when alcohol was substituted

for fat could be interpreted as indicating a thiamine requirement for

the metabolism of fat intermediate between those for carbohj'^drate

and alcohol.

An equally possible explanation is that the metabolism of alcohol

and carbohydrate together requires less thiamine than the metabolism

of carbohydrate alone. Thus the thiamine requirement of diets I and

III would be due primarily to their respective carbohydrate contents,

and the sparing action exerted by diets II and TV would be due to the

metabolism of the alcohol and carbohydrate together. This effect would

occur if (1) the metabolism of carbohydrate in the presence of alcohol

followed a different pathway (requiring less thiamine) from that taken

during the metabolism of carbohydrate alone, or (2) the metabolism of

alcohol spared the oxidation of carbohydrate.

An attempt was made to study the thiamine requirement when alco-

hol was substituted in a carbohydrate-free diet, so that any effect of the

alcohol could not be attributed to the combination of alcohol and carbo-

hydrate. Diet V contained 11 gm. casein, 15 gm. autoclaved yeast, 3 gm.

cod liver oil, 4 gm. salt mixture, and 32 gm. corn oil, and in diet VI,

9 gm. alcohol were substituted for 7 gm. of the corn oil. These diets

were supplemented and force-fed to pigeons as in series I, but the ex-

periment was terminated after 40 days because f of the birds on diet

VI and I on diet V had died without showing the characteristic thia-

mine deficiency symptoms. Deaths started on the sixth and tenth days

of diets and V, and were scattered throughout the remainder of the

dietary period. Most of the birds that died had a greatly enlarged

liver (8 to 35 gm. as compared with normals of 5 to 11 gm.) vdth an in-

versely correlated fat content (1.6 to 5% of the wet weight as compared

vdth normal values of 3.5 to 5%, IVhatever tire cause of death, no con-

clusions could be reached regarding the thiamine requirements of the

two diets.

In general, these results confirm and extend those reported tor rats

by liowry et al. (’42), and are contradictory to the assumption that
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alcoliol metabolism increases the thiamine requirement. It is difficult to

make the obvious conclusion from Jolliffe’s work that the metabolism

of alcohol requires a small but definite amount of thiamine, since the

thiamine requirement for the diets containing alcohol would probably

be less than that calculated by Cowgill’s formula (’34). It is possible

that the thiamine equivalent of alcohol is increased when the latter

contributes a very large percentage of the total daily calories.

SUMMABT

The isocaloric substitution of alcohol for fat or carbohydrate in a

thiamine-deficient diet delays the onset of opisthotonus and death in

pigeons.
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A STUDY OF HEMOGLOBIN FORMATION FOLLOIVING THE
ADMINISTRATION OP CERTAIN AMINO ACIDS TO

RATS FED A DIET LOW IN PROTEIN

'

ALINE LNLERHILL ORTEN AND JA'MES il. ORTEN

'Department of Tliysiologicol Chemistry, Wayne Vnivenity College of Medicine, Detroit

(Beceivod for publication April 30, 1945)

The fact that an adequate intake of dietary protein is essential for

normal hematopoiesis in the i-at has been demonstrated in previous

studies in this laboratory. A mild chronic anemia resulted from the

administration of a diet low in protein but adequate in all other respects

and the anemia was alleviated by increasing the protein allowance

without altering the intake of calories, iron, vitamins, or other dietary

constituents (Orten and Orten, ’43a), On the other hand, administra-

tion of iron alone had no consistent beneficial effect. Further evidence

of the importance of dietary protein for hemoglobin formation has been

obtained by other investigators in studies on hemorrhagic anemia in

dogs (Hahn and Whipple, ’39; Sturgis and Farrar, ’35), the anemia of

pregnancv in man (Bethell, ’36), and nutritional anemia in infants

(Bass, ’44).

The question of the identity of the amino acids involved in the hemato-

poietic effect of protein has received some attention. It appears possible

that the action may reside either in some “key” amino acid or in some
combination of a few amino acids. Some support to this possibility is

found in the claims that tryptophane and histidine (Fontes and Thivolle,

’30) and cystine, proline, and certain other individual amino acids

(Whipple and Robscheit-Rohbins, ’40) increase Gie rate of hemoglobin
regeneration in the hemorrhagic anemia of dogs. Furthermore, anemia
may be produced in rats by the feeding of a diet deficient in lysine

(Hogan, Powell and Guerrant, ’41
; Harris, Neuberger and Sanger, ’43)

or in tryptophane (Albanese et al., ’43). It may also be pointed out
that the hemoglobin molecule is characterized by a relatively high con-

tent of histidine anl lysine (Block and Bolling, ’43) and hence that one
or both of these individual amino acids might be expected to exert

‘ Aided by a grant from tlie Committee on Research, American Association for the Ad-
vancement of Science. Preliminary reports were made before the American Society of Biologi-
cal Chemists at Toronto, 1939 and the American Institute of Nutrition in New Orleans, 1940.
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TABLE 1

Eemoglohin content of the blood of control rats and of rats fed a loiv-protein diet

supplemented by various amino acids.

18% lact-

albumin

3.5% laet-

albumin

3.5%+laet-
albumin

3.5%+ glyeme

3.5%+ 1-cystine

3.5%+ 1-glnta-

mic acid

3.5%+ l-proline

3.5%+1-tyro-

sine

3.5%+ 1-argin-

ine

3.5%+1-liisti-

dine

3.5%+ dl-leu-

cine

3.5%+ dl-isoleu-

cine

3.5%+ dl-lysine

3.5%+ dl-meth-

ionine

3.5%+ cll-plien-

ylalanine

3.5%+ l-trypto-

phane

3.5%+ dl-threo-

nine

3.5%+ dl-valine

KO.
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;

DAILY i

1
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i MENT

I

I
ilG. i

HEMOOLODIN G5I. PER 100 ML.*

Initial 3 weeks 6 weeks 9 weeks

12
i

' 16.5 16.6
!

. 16.3
! 16.7

(15.7-18.0) (15.6-19.6) ' (15.5-16.6)
i
(16.0-18.0)
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6

1,660

50
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DISCUSSION

The foregoing results indicate that, under the conditions employed,

none of the individual amino acids studied exerts any unique hemato-

poietic effect and therefore cannot be regarded as a “key” amino aeid

in hemoglobin synthesis.

These results obviously do not support the claims for a special hema-

topoietic value of such individual amino acids as tryptophane and his-

tidine (Fontes and Thivolle, ’30) or certain other individual amino

acids (Whipple and Hobscheit-Eobbins, ’40). Hoivever, in these investi-

gations a different experimental approach to the problem and a different

species of animal were used which may possibly account for the appar-

ent discrepancy between their results and ours. Perhaps a more prob-

able explanation is that other necessary amino acids for hemoglobin syn-

thesis were supplied by the animal’s own tissue protein, a reserve which

could have been drawn upon in either of the two studies in question.

The results obtained in the present study, however, are not at variance

witli those of Hogan, Powell, and Guerrant (’41) showing that the

amino aeid lysine will cure the anemia produced in rats by the feeding

of deaminized casein. In this work there was apparently a deficiency

of only one amino acid, rather than a multiple deficiency, and it is logical

to find that the supplying of the missing amino acid was followed by a

hematological response. The same is true of the studies (Harris et al.,

’43; Albanese et al., ’43) demonstrating that tryptophane administra-

tion ivill correct the anemia observed in rats fed a diet deficient in this

one amino aeid.

The results of the present investigation suggest that a combination

of amino acids in as yet undetermined proportions is needed for the syn-

thesis of the hemoglobin molecule. This view is supported by the recent

observation in this laboratory that beef blood protein is strikingly

inferior to casein for growth and hemoglobin formation in the rat

(Orten and Orten, ’43b, ’44) and that the amino acids present in beef

and human globin, which are deficient in iso-leucine, do not support

normal hematopoiesis unless iso-leucine is added to the diet (Orten,

Orten and Bourque, ’45). Further, these observations indicate that the

protein supplying the proportions of amino acids best suited to the

general synthesis of body tissue proteins, as sliomi by a superior rate

of growth, also supplies a combination of amino acids best suited for

the synthesis of hemoglobin.
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SUMMARY -

The effects of the administration of vai’ious individual amino acids

on the hemoglobin content of the blood of rats made anemic by the in-

gestion of a diet low in protein have been studied.

No consistent, sustained increase in hemoglobin values occurred fol-

lowing supplementation with any of the ten ‘‘essential” amino acids or

with glycine, cystine, glutamic acid, proline, or tyrosine.

These results are interpreted as evidence that no single amino acid

can be regarded as a “key” amino acid in hemoglobin synthesis in the

organism but rather that a combination of amino acids in as yet unde-

termined proportions is essential for the in vivo fabrication of the hem-

oglobin molecule.
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It is well cstablislied tliat tlie rat requires very little or no vitamin D
if adequate, but not extremely excessive, amounts of available calcium

and phosphorus are present in the diet. Larger animals such as man,

dog, chicken, and others require this vitamin even if the diet contains

sufficient quantities of calcium and phosphorus. The study of the phy-

siology of vitamin D and its effect on calcification would be aided if it

were possible to have a small laboratory animal whose needs for vita-

min D would be more like that of the larger animals. With this in mind

a study was made of experimental rickets in the hamster, but as the

following data show this animal is similar to the rat.

EXPEEIMENTAt,

Two experiments were conducted with a total of 37 young hamsters

which were raised in the Nutrition Fund Laboratory of Children’s Hos-
pital of Philadelphia.- Shortly after parturition the stock females with

their young were transferred to a ration low in vitamin D. In the first

experiment (21 animals) the starting age varied from 25 to 29 days and
in the second experiment from 20 to 26 days. During the first week
of the first experiment minor alterations rvere made in tlie vitamin con-

tents of the diets and thereafter they remained unchanged.^ In each of

* The data included in this paper were presented in abstract form in Federation Proceed-

ings, 1945, veil, 4, p. 156.

*The author is grateful to Miss Claire Foster for the aoimah, to The Wilson Laboratories,

Chicago, 111., for the liver extract, to Mead Johnson and On., Evansville, Ind., for the irradiated

ergosterol, to Mcrch and Co., Rahway, N. J., for the sjotthetic vitamins, to Dr. C. M. McCay,
Cornell University, Ithaca, N. Y., for the cellulose, and to Dr. H. M. Vars of the Harrison
Department of Surgical Research, University of Pcnnsylvani.a, for the use of the photometer.
*The composition of the diets in grams was as follows: all diets liver extract E 2, cellulose

4, cottonseed oil 2 and wheat germ oil I; diets l-A, 2-A, and 3-A alcoholic extracted fibrin 18
and diets 1-B, 2-B, and 3-B alcoholic extracted fibrin 2o* diets 1-A and 1-B salt mixture no.

10 (Jones, ^39) 3 and diets 2-A, 2-B, S-A. and 3'B salt mi-xture no. 12 (Jones and Foster,
M2) 4j glucose (Cerelose) to 100 in each case; diets 3'A and 3'B 200 I.U. of vitamin D as
irradiated ergosterol. The following amounts of vitamins and vitamin-containing materials
were added to each 100 gm. of the above diets; SMA Carotene in oil, 5 drops; thiamine chloride,
1 mg.; riboflavin, 1 mg.; jiytido-sine, 1 mg.; cnlmtnn pantothenate, 8 rag.; inositol, 6 mg.;
p-amino benzoic acid, 15 mg.; choline chloride, 150 mg.; 2-raethyl 1, 4-naphthaquinQne, 0.05 rag.
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the experiments the animals were divided into three groups. The first

group was given a diet (diet 1-A) moderate in calcium, low in phos-
phorus (approximately 0.4% Ca and 0.02% P), and with no added vita-

min D. The second group received a diet (diet 2-A) containing satis-

factory amounts of calcium and phosphorus (approximately 0.6% Oa

and 0.35% P) and no vitamin D. The third group received the same
diet as the second group but in addition was given 200 units of vitamin

D as irradia'ted ergosterol per 100 gm. of diet (diet 3-A). The animals

of the third group (positive controls) of the first experiment did not

grow so rapidly as was reported by either Cooperman, Waisman, and

Elvehjem ( ’43) or Hamilton and Hogan ( ’44). Believing that this slower

growth may. have been due to an insufficiency of some of the essential

amino acids, the protein content of the diets used in the second experi-

ment (diets 2-A, 2-B and 2-C) was increased from 18% to 25%, but this

did not improve the rate of growth. It is possible that some of the ani-

mals were below normal in regard to size at the start of the experiment

as there was considerable variation in their weights at this time.

Enlargement of the wrists was detectable in the animals on diets 1-A

and 1-B after 10 to 12 days, but at no time were the swellings as promi-

nent as are frequently observed in the rat on a similar' diet. With the

exception of one animal on diet 1-B, which died on the twentieth day,

all animals remained active and showed no definite disturbance in

locomotion. Two of the animals, one on diet 1-B and one on diet 3-B

developed a marked graying of the fur during the experimental period.

All other animals on diets 2-A, 2-B, 3-A, and 3-B remained normal m
appearance, and none on any of these latter four diets showed any

enlargement of the Avrists.

After 5 weeks on the experimental diets the animals Avere bled from

the carotid arter}^ under ether. Inorganic phosphorus Avas determined

on 0.2 ml. of serum from each animal by a modification of the Gomori

( ’42) method using a Edett-Summerson photometer. Calcium Avas de-

termined by the method of Clark and Collip ( ’25) on the pooled sera

from 3 to 5 animals of the same group. The right femurs Avere removed

and the percentage ash determined after extraction Avith hot alcohol.

The distal ends of the ulnae and radii Avere removed and at least one

bone from each animal was examined macroscopically, after longitudi-

nal sectioning and staining with silver nitrate, for the extent to Avhicli

rickets had developed.

The results are summarized in table 1. The first experiment is desig-

nated Avith the letter A and the second AAuth the letter B. It will fie

noticed that there Avas a marked difference betAAmen groups 1-A and
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1-B on the one hand as compared to groups 2-A, 2-B, 3-A, and 3-B

on the other. This difference was evident in growth, level of serum

inorganic phosphorus, and weight and percentage of femur ash.

In spite of the low phosphorus in the diets of groups 1-A and 1-B

these animals continued to gain weight throughout the experimental

period of 5 weeks, hut the rate of gain was definitely less than that

of the animals on the diets containing more phosphorus. The inorganic

phosphorus of the sera of the animals on the phosphorus-deficient diets

was very low, and additional dietary phosphorus without vitamin I)

(groups 2-A and 2-B) was just as effective in maintaining a normal

level of this element in the serum as the giving of both phosphorus and

vitamin D (groups 3-A and 3-B). There was very little difference among

any of the groups in the level of serum calcium.

T.IBCE 1

Effect of adding phosphorus and t’tfnmin D lo loiv-phosphorvs diets on the

dfi'eJopment of ncl.*c($.in hamUr,

.•*eRUK

OROffP KO AWIMAtiS WTIIQRT !

Ca
j

P* i

1-A

,
UW.

1

,
w.l

1

Tnff./lOOwl
1

13.2
1

mu./ 100 ml
j

2.2 ± 0.30

1 1

: 13.7 ± 1.45
1

Ve

29.3 ± 1.78

1-B c
i

24.0 : 11.9 2.1 ± 0.26 14.4 ± 2.08
i

32.0 ± 3.02

2-A 7
j

33.3 12.1 6.0 ± 0.27 65.2 ± 2.71
I
;

58.4 ± 0.41

2-B 5
1

31.4 lo.r 6.7 ± 0.70
1

48.2 ± 2.92
;
i

55.9 ±0.43
3-A 7 33.4 13.1 I 5.7 ±. 0.25 1 55,2*2.25 1

i 56.8 ± 0.58

3-B 5
t

1
39-3 12.2 5.8 S: 0.53

1
40.9 1.11

j

! 55.4 ± 0.48

* Standard error of the mean follows the average.

The low serum phosphorus of groups 1-A and 1-B was refieoted in

both the amount and percentage of femur ash which were much below
those of the animals on any of the diets containing ample phosphorus.
There were no significant differences in either the absolute or relative
amounts of ash in the femurs from the animals on groups 2-A and 2-B
as compared to groups 3-A and 3-B.

All animals of the first two groups (1-A and 1-B) had a wide nncalci-
fied area at the distal epiphyseal junctions of the radii. The margins
of this area were, for the most part, straight and very regular, and fre-
quently the width of the area (longitudinal direction of the bone) was
greater than its length (transverse direction of the bone). The aver-
ages for these measurements were for group 1-A, width— 2.6 mm.,
length 2.4 mm., and gi'oup 1-B, width— 2.1 mm., length— 1.9 mm.
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received butterfat; the second, corn oil; and the third, glucose. All rafs

in each trio with few exceptions consumed equal amounts of tbeir re-

spective diets and isocaloric intakes were maintained by the addition

to the diet of the third rat in each trio of proper amounts of a glucose

solution.

The animals were placed in separate metabolism cages, designed so

that the urine and the feces were collected separately and quantitatively

The urine was collected under toluene. The diets were so offered that

spilling was prevented. The collection period extended for 3 days and

began when the rats had been on their respective diets for not less than

2 weeks.

Galactose in the urine was determined by a slight modification of

the methods of Hoffman (’37) and of Morell (’41). Glucose was elimi-

nated from the urine samples by fermentation with Saceharomyces

cerevisiae, while other possible reducing substances wei’e removed b}’

treatment with Lloyd’s reagent. The galactose samples were read

against a standard curve (prepared with anhydrous d-galactose, Pfan-

stiehl) in a Coleman Universal Spectrophotometer at 425 mq.

The accuracy of the method used, as well as of the collection of the

urine and its sampling, was attested by recovery trials of pure and

added galactose involving the whole procedure. These values ranged

from 94 to 102%. The specificity of the method for galactose was veri-

fied with the help of two yeasts,® Saceharomyces bayanus NBRL Y-996

(which ferments glucose but has no action on galactose) and Sac-

charomyces carlsbergensis NBBL T-379 (which ferments both glucose

and galactose).
EXPERIMENTAL RESULTS

The average galactose excretions on the three rations studied are

given in table 1.

With an intake that varied from 3.36 to 5.04 gm. of galactose daily per

rat, the average daily urinary excretion expressed in per cent of the

amount ingested was as follows: For the butterfat group, 30.7 with

a standard error of ± 2.18 ;
for the glucose group, 28.6 rh 2.16 ;

and for

the corn oil group, 20.7 ± 1.07. Statistical treatment of the mean dif-

ferences between the three groups (using Fisher’s “t” test) revealed

no significant difference between the butterfat and the glucose group

(P^= 0.5), but clearly significant differences between the butterfat

’Kindly furnished by the U. S. D. A. Northern Regional Research Laboratory, Peoria,

Illinois.

^This and subsequent values of P give the probability on a scale of 1.0 that a random

combination of the uncontrolled factors in the e.vperiment would of itself cause a difference

in the mean values compared as great or greater than that observed. If P is less than 0. a

in the Eish€r, or 0.025 in a Student test, it may reasonably be neglected.
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and the corn oil rats (P=<0.01) and between the glucose and the

corn oil rats (P~ <0.01). Application of “Student’s” method ( ’25) to

paired rats for which the galactose intake was the same confirmed

the previous analysis in showing no difference between tlie rats receiving

butterfat'and those receiving glucose (P= 0.38), but significant differ-

ences between the rats receiving butterfat and those receiving corn oil

(P =0.008), and between those receiving glucose and those receiving

corn oil (P== 0.004).

TABLE I

The intake and vrtrwiry loss of yalactose, and without dieiarii fat.

TRIO
NO.

1

p^4Ta ON BCTTSBrAT BATS OK CORN Ott.
j

BATS OK OBUeOSE

DRil-y

intake
ot

RSlac-
tOBft

Pa5W
urinary
output

of

eaJac-
tone

Lass
of

siaUc-
Mae

Daily
intake

eaiac-
tose

Daily
urinary
output

of
enlac-
lose

Loss
1

of 1

RaUc-
'

lose '

;

Daily
intake

1

eaJac-
tose

Daily
urinary
optpui

ot
jralae.

tose

host
of

caUc*
tose

mo. mjj. % 1

f»a. mo. % ! mo. mo.

1
j

3000 946.C 20.3 1 3G00 833.3 23,1 1' 3600 788.3 21.9

3600 nss.o 32.1
i

3600 728.0 20.2 i
1 3600 950.0 26.4

3
1

3360 640,5 19.1
1

4320 1033.3 23.9
;1

4320 1236,6 28.6

4 1
4320 1621.6 37.5

1
4320 540.8 12.5 1

j

3120 59C.6 19.1

5 1 3600 1233.3 34.3 i

1

3120 732.4 23.5
1

3600 1476.0 41.0

6 3600 781.6 21.7 1 3600 648.2 18.0
(

3600 1253.4 34.S

7 4320 1486.6 34.4
1

4320 950.0 22.0 4320 3326,7 30.7

S 5040 13SS.3 27.0
i

5040 1130.0 22.4 5040 1536.7 30.5

9
j

5040 2010.0 40.0
j

5040 1010.0 20.0 5040 1621.7 32.2

10 5040 1750.0 34,7
1

4560 086.6 21.6 5040 1030.0 20.4

Aveiagf 30.7
i

1 20.7 28.6

Corn oil, but not butterfat, under tbe conditions of tins experiment,

decreased tbe loss of galactose in tbe urine by some 27%.
In the first two of the previously cited studies, the diet involved in

most of the tests was fresh mineralized skimmed milk to which various
fats had been added. In the present study an artificial solid milk diet

was employed. The amounts of fat or glucose, and the lactose involved
were about the same when converted to a dry basis. There is therefore
no obvious explanation for the divergence of the results obtained.
It would appear that the galactose excretion observed in this study was
merely the result of an alimentary galactosuria present in all three
groups, though to a somewhat smaller extent when com oil, but not
butterfat, was incorporated in the diet. Obviously this is not a fat ef-
fect. Attention may be called to the fact that Mitchell,- Cook and Mer-
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riam ( ’37) found that fats as such did not appi’eciahly alter the develop-

ment of cataract in rats consuming diets high in lactose or galactose,

even when the fat constituted 46% of the diet. Fats, as such, do not seem

to he concerned in the metabolism of galactose,

CONCLUSION

The results obtained in this study fail to confirm the reported influence

of fat, as such, on the metabolism of galactose. Neither is there any

reasonable expectation from the available facts of animal nutrition that

dietary fats should favor the utilization of galactose in animal met-

abolism.

Under the conditions of this experiment, corn oil, but not butterfat,

decreases the iirinary loss of galactose on a diet containing 48% lac-

tose, by about one-fourth. This may be an eifect of some non-glyceride

constituent of corn oil.
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Several feedstuffs, such as dried skim milk or alfalfa leaf meal, are

regarded as important or even critical items in the ration of newly

hatched turkey poults, but in recent years the supply has not been equal

to the demand. An attempt was made in this laboratory to formulate

satisfactory rations that contained none of these constituents, and

although some degree of success was attained the poults made only

moderate gains in weight. It was suggested that the slow rate of growth

was due to an amino acid deficiency, and, to test this hypothesis, the

vegetable protein concentrate in one of the practical rations was re-

placed by casein and gelatin. IVhen this change was made the ration

was a complete failure and the poults assumed a typical, and abnormal,

posture. Such results led us to a more extended study of the problem.

EXPEBIMENTAL

Day-old Bronze turkey poults were transferred to small brooders

provided with automatic electric heating units. The temperature varied

from 90° to 95°P. At the age of 2 weeks they were transferred to an-

other room, maintained at a temperature of 80° to 85°P. The experi-

mental rations, and water, were constantly available. It may be of some
interest to mention here that practical turkey growers often state that

poults must be taught to eat, but in our experience this is unnecessary.
If the environment and ration are suitable, and if the feeders are
properly constructed, normal poults begin to eat promptly. The poults
were weighed once a week, and they were examined frequently for
abnormalities.

‘Contribution from tlic Dcp.'irtment of Ap-icuttiiral Cliemistrj-, Missouri Agriciiltiirnl E.t-

poriment Station, Journal Renos ho. 980. Auled by a grant from Barite, Davis and Company.
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The ration in use when this type of paralysis first appeared was
modified slightly in later trials, but most of the modifications had no

significance and for the present only Ration A will be described. While

these studies were under way we were also investigating the response

of turkey poults to synthetic diets. Poults grow remarkably well on

these diets when a liver extract is included, and therefore various liver

fractions were added to the synthetic diets in an attempt to attain

TABLE 1

nations deficient in vitamin Be-

COKSTITUENTS RATION A RATION B

gm. j7m.

Yellow corn 49.50

Wheat bran 5.00

Wheat middlings 15.00

Steamed bone meal 2.00

CaCO, 1.00

NaCl 0.46

MnSO,, 4H.0 0.04

Casein 20.00 35.00

Gelatin 5.00 10.00

Cerclose 32.00

Cellulose 3.00

Lard ‘ 2.00 10.00

Mineral salts 5.00

Liver e.vtract fraction B 5.00

Additional vitamins see footnote ’ see footnotes ’ *

‘ Carrier for fat-soluble vitamins.

- This fraction contains only a trace of vitamin Be.

’ Vitamin A 2000 I.U. Alpha-Tocopherol 2.5 mg.

Vitamin D 283 A.O.A.C Units 2-methyM, 4-napthoquinono 2.5 mg.

Thiamine 1 mg. Ca-Pantothenato 2.0 mg

Riboflavin 1 mg. ZVicotiiiic acid 5.0 mg.

Pyridoxine 1 mg. Choline 200.0 mg.

* Inositol 100 mg., p-aminobenzoic acid 100 mg.. biotin 10 Mg.

All rttamins except A and D were supplied by Merck and Co., Rahway, N. J

.

greater concentration of the active agent. One ^ of the extracts was de-

scribed to us as the filtrate, or by-product, from the first stage in the

isolation of vitamin Be (Pfiffner et al., ’43). This fraction contains only

a trace of vitamin Be as indicated by microbiological assay, and when

it was substituted for the original liver extract, as in Ration B, the

poults developed cervical paralysis even more quickly than they did on

Ration A. The composition of the two rations is shown in table 1 and

= Provided by Dr. J. J. Pfiffner, of Parke, Davis and Company.
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the ohservatioiis on the ponlts ave summarized in table 2. Several ab-

normalities developed, but the most cbaraoteristio symptom u-as_ a

spastic cervical paralysis. At the onset the neck is extended and rigid,

as in a turkey that ha's been alarmed and is searching for the source of

danger. The attacks are at first intermittent, but later they become

continuous. The vdngs are slightly drooped and quiver, the poult

chirps continuously as if in pain, and there may he some diarrhea rvith

the excreta thin and rrhite. The condition terminates in death within

24 to 36 hours unless vitamin B, is provided during the early stages.

There were ten poults in the first trial with Ration A, and it will be

noted that five of them developed cervical paralysis. None of these re-

covered and all of them died in a day or two. Four more died with no

TABLE 2

riMifun (leficiency in hirVey poults.

1

RATIOS’
POULTS paralyzfd

j

pOVLT-$ SOT PARALVIEO

Rinl Survived

1 No A^e Wt No. A|S« Wt. No. Ape Wt.

\cf*ka gtn pm. vrek» pni

A 1 5 7 7G5 4 4 81 1 14 ISSO
a 15 3,5 £40 12 2.0 153 4 G 552

B 9 2.5 143 o 2 103 0

B plus 1 0 0 2 4 4DS

B, cone.
1

* The mortality is 100% unless vitamin B, is provided.

charaetei'istic symptoms, and one survived for 14 weeks with no symp-
toms.

In subsequent trials there were thirty-one poults, and fifteen of them
developed the eharacteristio symptoms. None of these survived except
a few which were treated in the early stages with some source of vitamin
B,. Twelve died without characteristic sjauptoms, and four survived for
6 weeks when they were discarded. It will be noted that in trial 1 the
poults developed the symptoms at a later age than in trial 2

, presum-
ably because the mothers of the poults had consumed different types of
rations. The poults in trial 1 were hatched in October, and their motlmrs
had probably been on range of some kind and had consumed a consider-
able quantity of fresb forage, wbich we believe is at least a fair source
of vitamin B,. Tbe poults in trial 2 were hatched in the earlv sprinn- and
one might assume that the hens that laid the eggs from which they were
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hatched had not had access to fresh forage for some weeks. If this ex-

planation is correct the ponlts wei‘e partly depleted of vitamin Be ^v}len

hatched. The rate of growth on Ration A was lower than that of poulfs

on onr better rations hnt it was not markedly snbnormal.

Two poults were given Eation B with a supplement of a highly con-

centrated preparation of vitamin Be.^ They grew at a normal rate but

more extensive studies must be carried out before one can be certain

TABLE 3

Curative treatment of cervical paralysis.

RATION TREATMSNT NUMBER
TREATED

NUMBER
THAT

RECOVERED

NUMBER
DYING
AFTER

RECOVERY

Yeast and milk 2 2 2

Dried yeast 2gm. 1 0

Yeast eluate 1 gm. S 2

( 105 Mg. 1 0

A B., concentrate
I 210 Mg. 4 2

(and modifications)
Crystalline vitamin B,. I

100 Mg. 4 1

1 800 Mg. 1 0

Intraperitoneal injection

of crystalline

vitamin

f 50 Mg.

1
100 Mg.

2

2

2

2

Bo concentrate 210 Mg. 3 2 1

Crystalline vitamin B^ 100 Mg. 1 1>

® Crystalline vitamin B..,

50, 100, and 50 fig- on

successive days

Total 25 15

‘ Kecurrence in 6 days.

“ Recurrence in 7 days.

that their diet was entirely adequate. Our experience with the concen-

trate gave no reason to infer that it contained any vitamin other than Be

which is required by the poult. This inference is supported by the fact

that chicks which received Eation B supplemented with crystalline vita-

min Be" grew at a rate which exceeds that of any current growth stand-

ard for the breed employed. Eleven poults received Eation B alone, witli

no supplements, and nine of them developed cervical paralysis, at an

average age of 2.5 weeks. The other two died with no specific symptoms.

The results of the various curative treatments are described in table 3.

= Provided by Dr. J. J. Pfiffner, of Parke, Davis and Company.
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Table 3 presents tbe results of the curative treatments. Two poults

were given a suspension of yeast in milk and both recovered, but they

died not long afterward. It is assumed that tbe suspension contained

enough vitamin Be to give temporaiy relief, but not enough to restore

tbe poults to a normal physiological condition. One poult was given 2

gm. of dried yeast but it did not recover. Three poults received an eluate

of a fuller’s earth adsorbate of yeast extract, and two recovered. Bight

poults received the vitamin concentrate, and four recovered. Eleven

poults were treated with the crystalline vitamin and seven recovered. It

will be noted that one of these received three doses, on 3 successive days,

before it recovered completely. It is possible that some of the other four

would have survived if they had been treated with similar repeated

doses. Pour of the eleven received the vitamin by iutraperitoneal in-

jection and all four recovered. Of the two poults which received 100 ug.

of vitamin by intraperitoneal injection, one recovered in I hours, the

other in 6 hours. A third poult received 50 pg. at 10 : 00 a.m. There was

marked improvement at 5:00 p.m. hut the sjTnptoms of deficiency had

not entirely disappeared. Recovery was complete by the nest morning.

The fourth poult received the same quantity of the vitamin at 2: 45 p.m.

There was no definite improvement at 5 :00 p.m. but it was normal the

next morning. IVe are of the opinion that the vitamin is more effective

when injected than when it is administered orally, and that euralire

treatment under our experimental conditions is entirely effective if

initiated promptly but less effective when delayed. There were no cases
of spontaneous remission, and the cures induced by the crystalline

preparation leave no doubt that the disease was caused by a deficienci^

of vitamin B,.

According to Hogan and Parrott (’40) and O’Dell and Hogan (’43)
chicks become anemic when they consume diets that are deficient in
vitamin

;
therefore red cell volume was determined in some of the

affected ponlts. The volume of erythrocytes tended to he low, but none
of the ponlts was markedly anemic.

A typical example of a Be deficiency is illustrated in figure 1, This
same tjqie of paralysis has been ohseiwed occasionally in chicks which
survive for some time after they become anemic.

Distribution of vitamin

Our data on this point are limited, but it is clear that the vitamin is
present m some of the feedstuffs in only small quantities. Ration A forexample contains 51.5% of yellow com, 5% of wheat bran, and 15% of



154 L. B. EICHAKOSOif, A, G. HOGAIf AKD H. h. KEMPSTER

hatclied had not had access to fresh forage for some weeks. If tliis es

planation is correct the poults were partly depleted of vitamin vk
hatched. The rate of growth on Ration A was lower than that of poult

on our better rations hut it was not markedly subnormal.

Two poults were given Ration B Avith a supplement of a highly coi

centrated preparation of vitamin They grew at a normal rate k
more extensive studies must be carried out before one can be certai

TABLE 3

Curative treatment of cervical paralysis.

BATIOJ? TREATMENT NUMBER NUMBER
TREATED

RECOVERED

NUifBEfi

DYIKG
AFTER

BECOVEfi’

Yeast and milk 2 2 2

Dried yeast 2 gm. 1 0

Yeast eluate 1 gm. S 2

A Be concentrate
;

( 105 Mg.

( 210 Mg.

1 0

4 2

(and modifications) (100 Mg.
Crystalline vitamin B,.

|

4 1

1 0

Intraperitoneal injection
|

of crystalline

vitamin I

r

50 Mg.

100 Mg.

2 2

2 2

Be concentrate 210 Mg, 3 2 I

Crystalline vitamin Be 100 Mg. 1 1'

B Crystalline vitamin Be,

50, 100, and 50;>g. on

successive days 1 1 =

Total 25 15 3

'Beeurrence in 6 days.

'Eecurrence in 7 days.

that their diet was entirely adequate. Our experience Avith the eoncej

trate gave no reason to infer that it contained any vitamin other than I

Avhich is required by the poult. This inference is supported by the fac

that chicks Avhich received Ration B supplemented Avith ci-ystalline vits

min B,- grcAV at a rate Avhieh exceeds that of any current groAvth stand

ard for the breed employed. Eleven poults received Ration B alone, wifi

no supplements, and nine of them developed cervical paralysis, at ai

average age of 2.5 Aveeks. The other tAvo died Avith no specific symptoms

The results of the Amrious curative treatments are described in table 3

-• Provided By Dr. J. J. PJiffner, of Parke, Davis and Company.
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wheat middlings, but some poults, when fed this mixture, gave eviclenec

of a deficiency within 3 weeks. A considerable number of poults re-

ceived a ration, not previously mentioned, which contained 22% of

yellow coni, 3% of wheat bran, 9% of wheat middlings, and 15 of

soybean meal, and approximately 8% of these poults developed delid-

eney sjnnptoms, at ages varying from 15 to 24 days. Soybean meal is

not an excellent source of vitamin but it probably contains more
than is present in corn or the wheat by-products. It has been observed

(unpublished) that anemia in chicks is delayed, but not prevented, by

including 2% of high grade alfalfa meal in the ration.

Piet B Adequate diet

Age, 4 weelcs Weight, 202 gm. Age, 4 weeks Weight, 510 gni.

Fig. 1 TUe posture of tlie poult ivhicli receivcfl Piet B is typical of a deficiency of

vitamin Be.

One poult, not described in this report, developed typical symptoms

and died on a simplified ration Avhich contained 6% of dried Strain 0

yeast. One may reasonably assume that vitamin Be deserves some con-

sideration ill practical turkey production.

SUMMARY

Turkey poults develop a spastic type of cervical paralysis on rations

that are severely deficient in vitamin B„, but which contain rea.sonable

amounts of all other required vitamins.

The iioults which were examined had a lower red cell volume than h

normal but none were markedly anemic.

Remission of the symptoms was obtained by tbe administration of

crystalline vitamin Be-
_ _

Some of the commonly used feedstutfs are poor sources of vitamin Be-
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The nutritional needs of the guinea pig are still largely unknown in

spite of much effort in several laboratories to determine them. -The

purified diets used for rats and dogs are not satisfactory for guinea

pigs, and even the semipurified diets frequently used are only partly

successful.^ To study the guinea pig’s response to vitamin A and caro-

tene, the diet must ho free of both compounds; thus a suitable semi-

purified diet had to bo devised. In this investigation, therefore, it was
necessary first to obtain a diet that was adequate when supplemented

with vitamin A, and second to establish a means of recognizing the de-

ficiency in the guinea pig.

Booek and Trevan ( ’22) investigating the cause of the death of guinea

pigs on a diet of bran, oats, mangolds, and water found great improve-

ment in all except one animal when they were given 0.5 ml. of cod liver

oil. On a diet of bran and oats, caseinogen, salts, paper and mangolds,

two guinea pigs began to lose weight at the end of a month and one de-

veloped a cloudiness of the cornea and keratomalacia-; 'Wolbach and
Howe (’28) used a diet of casein 15%, starch 74%, hutterfat 6%, salts

3%, and yeast 2% ;
filter paper and distilled water ad libitum,, supple-

mented by orange juice. lYhen lard was substituted for the butter and
the amount of orange jirice reduced, the only external signs of vitamin
A deficiency were cessation of growth and loss of weight. The animals
died before typical xerophthalmia was produced.
Though ilanzi ( '35) attributed loss of hair, eczema of the face, and

abortion to vitamin A deficiency, xerophthalmia was observed in only
one of his. twenty-three guinea pigs. The diet used may have been de-
ficient in other factors, possibly some of the B vitamin complex, and

^ This stiBlj* was supported by a grant from S-wift and Co., Chicago.
*It has been reported that guinea pigs require three unknown dietary essential.^ (Woolley,

’42). No attempt was made in this study to verify these claims or to identify the unknowns.

159
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tile eczema and loss of isair could have been the result of such deficiency.

Furthermore the animals used bad passed their most rapid' groivtli

period, and thus would have been less susceptible to a deficiency of

vitamin A, Hetler ( ’34) fed g-uinea pigs the vitamin-A free diet used

in her study of the deficiency in monkeys. Three of the guinea pigs

died within a month without developing eye lesions. Three others that

had received this diet plus rolled oats ad libitum lived 6 to 9 weeks bid,

during the last 2 or S weeks lost weight rapidly and developed eye

lesions. The symptoms observed were dryness and scaliness of the

eyelids and cloudiness of the corneas. It was concluded that the guinea

pig may react to the deficiency in the manner observed in other species.

Since in all other species studied a deficiency of vitamin A produces

xerophthalmia, it seemed unlikely that typical xerophthalmia could not

be produced in guinea pigs by means of a vitamin-A-deficient regime.

Therefore the attempt was made to verify this supposition.

METHODS

Six semipurified diets and a stock diet were employed in studying

vitamin A deficiency, the storage of vitamin A, the utilization of caro-

tene for vitamin A storage, and the adequacy of the preformed vitamin

and provitamin during reproduction.

The stock diet

The diet used for the guinea jiig colony was a commercial feed® com-

posed of ground grains, bran, molasses, soy bean, alfalfa, linseed and

bone meals, salt and dried whey. This feed when supplemented with

ascorbic acid-fortified oi’ange juice and carotene in oil had been found

satisfactory for both growth and reproduction.

The semi-pt(rified diets

The simplified diet, diet C, eventually used, contained, in per cent,

casein 25, cornstarch 40, hydrogenated cottonseed oil 3.5, salts ^ 4,

K2CO3 0.5, wheat germ 10, yeast 10 and bran 7. When supplemented

with 6 ml. lemon juice containing 1 mg. ascorbic acid per milliliter three

times a week, and vfith an adequate amount of carotene or vitamin A this

diet allowed normal growth of .young guinea pigs. Diets I and II were

’Globe A— 1 rabbit pellets; Globe Gr.oin and Milling Co., OnWand, California. The compo-

sition ^^as as foUon-s: crude protein 15, fat 2.5, fiber 19, ash 10, added salts 1, carbohydraUs

52.5%, teBpeetively; thiamine 0.2S, ribofl.avin 0.65 and carotene 0.58 mg. %, respective!/.

^Hubbell, Mendel, and Wakeman ('37).
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tried earlier. These contained larger and smaller proportions of casein

(30 and 207® and a lower level of salts (2% with no additional K0CO3 ) )

.

These diets proved inadequate, resulting in poor consumption and

failure of growth. Daily addition of 1 ml. cottonseed oil alone or con-

taining 1 mg. mixed tocopherols “ did not improve the performance on

these diets but the increase in salt content from 2 to 4.5% allowed nor-

mal growth in the young guinea pigs, 31 gin. gain weekly for 6 weeks

(fig. 1).
_

The modification of diet C, aimed at making it low in vitamin A by

use of hot-alcohol extracted casein, was designated diet G. This change

in the casein was sufficient to bring about deficiency signs and death

when the animals were transferred from C to G. Two other modifica-

tions were used, in that carotene-free grass “ residue or additional corn-

starch were substituted for the wheat germ in the diets designated A
and B. A concentrated carotene-free water extract of the dried grass

was also fed along with these diets at first but these grass preparations

were found to have no effect upon growth and were later discarded.

The vitamin A supplement used was a solution of the vitamin’ in

cottonseed oil ; the carotene was a carotene-oil concentrate * which was
assayed for vitamin A value by the U.S.P. biological procedure.

Procedure

The animals were, for the most part, produced in the laboratory

colony. They were caged in groups or reared in open runs on shavings,

klost of the guinea pigs were placed on the experimental diets when
they weighed 200 to 300 gm., at 3 to 5 weeks of age.

The vitamin A content of the livers was determined by the method
of Davies ( ’33) with a few minor changes. The blue color developed
with the reagent (Koehn and Sherman, ’40) rvas read in an Evelyn
photoelectric colorimeter, and the vitamin values were calculated by
comparison uith standard curves for crystalline vitamin A.” The serum
vitamin A was determined by the method of Yudkin ( ’41). The volume

’Concentrate of natural mixed tocoplierols, 40%. This was kindly supplied lay K. Hickman
of Distillation Products, Inc., Rocliester, N. Y.

• Cerophyl, produced by Cerophyl Laboratories, Inc., Kansas City, Missouri.

^Thia wag distilled from fish liver oil and was kindly supplied by K. Hickman of Distilla-

tion Products, Inc., Rochester, N. Y. The oil contained 150 mg. of vitamin A per gram as de-
termined chemically.

’ This concentrate, a product of General Biochemicals, Inc., Chagrin Falla, Ohio, contained
2 mg. carotene per ml.

* This was generously supplied as vitamin A alcohol by K. Hickman of Distillation Products,
Inc., Rochester, N. Y.
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was adjusted for I'eading with the 6 ml. window of the Evelyn plioto-

electric colorimeter.

SYMPTOMS OP VITAMIN A DEFICIENCY

The signs of deficiency developed within 2 to 3 weeks. Weight loss

and sensitivity of the eyes to light were the first symptoms. Swelling

and incrustation of eyelids, keratinization, and corneal destruction by

infection were seen in the animals that survived 4 to 6 weeks.

Unless the symptoms of the deficiency were recognized early and

therapy instituted at once, the animals could not be saved. Pour of five

animals died shortly after an attempt was made to cure the deficiency

by giving vitamin A or carotene. One of those in the first group (209,

fig. 1) responded to the therapy. After the symptoms had been cleared

Fig. 1 The growth of male and female guinea pigs on semipurilied diets ndth and without

carotene.

up the carotene supplement was withdrami in order to deteimine hov

long the animal could maintain itself on the amount of carotene that

had been given (9.74 mg.). This animal succumbed 3 weeks after cessa-

tion of the carotene medication. Although there were a few necrotic

areas on the liver that were indicative of infection, the evidence pointed

to an old infection rather than an active one. Since there was incrusta-

tion of the eyes and the cornea of one eye was opaque, the animal was

considered to have died in a state of vitamin A deficiency.

STORAGE OF VITAMIN A FROM DIETARY CAROTENE AND VITAMN A

A group of male guinea pigs from the stock colony, weighing 200 to

300 gm. each, were weaned to diets A and B (table 1). One pair of ani-
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mals on diet B received the supplement of lemon juice only, while the

other pair received in addition to lemon juice the carotene-free grass

concentrate. "When the first symptoms of vitaimnA deficiency appeared,

one guinea pig in each pair received vitamin A, the other carotene.

After the deficiency symptoms had cleared up, the vitamin A and caro-

tene feeding was discontinued to see how long the guinea pig could

maintain itself on the stores built up from the amount of vitamin or

provitamin given. As soon as the symptoms reappeared the animals

were again fed the vitamin or the provitamin, then sacrificed after a

period and the livers analyzed. The guinea pigs that received 10 mg.

carotene became depleted on the average in 21 days when the supple-

ment was discontinued, whereas those that received 3 mg. of vitamin

TABLE 1

Bepeated depletion of wiflle guxnea pigs foXlovced hy the feeding of vitamin A or carotene.

UTET '

QUWPA

NT7MBETI

1

TOTAti SUrrtiEJIBNT
lit 20 DATS ATTES

,

TtRST DEPLETION

PERIOD
BEQmUSD

TOR
SECOND

DEPLETION

SUPPLEMENT TED ATTEH. SECOND
DEPLETION

1

VITAMIN A
IN LEV'ER

dav»
1

I
(<0.

1
223 * Carotene, 10 mg. 20

1

C.irotene, 2 mg. in 4 days ' 0

1
229* Carotene, 10 mg. 23

1

Carotene, 11.5 mg. in 23 days ' trace

i
222 ' Carotene, 10 mg. ' 20

;

[Carotene, 11.5 mg. in 23 days
1

0

, 230* Vitamin A, 3 mg. 32
1
Died of hemorrhage, no supplement 0

' 220* Vitamin A, 3 mg. 32 Vitamin A, 1.9 mg. in 33 days
;

39

1 219 Vitamin A, 3 mg. 27 1 Vitamin A, 3.6 mg. in 24 days 1 213

’ Received carotene-free dned-grass concentrate equivalent to 1 gm. of dried grass weekly.

A were depleted in 31 days. All the guinea pigs required 20 days for

depletion when they were first placed on the diet. This was after the

suckling period during which they had eaten the stock diet supple-

mented with orange juice, as well as the mother’s milk, that is, a diet

in which the source of vitamin A was chiefly carotene.

In general, no vitamin store was detectable in the carotene-fed ani-

mals, yet in spite of this, it took 20 days to deplete these animals and
30 days for the animals that received vitamin A. Judging by the liver

values obtained after the second period of supplementary feeding, one
must assume that the animals fed vitamin A had some vitamin A stored
in the liver which they could draw upon during depletion.

Apparently carotene in amounts ranging from 2 mg. in 4 days to
11.5 mg. in 23 days was inadequate for production of significant stores
of \dtamin A, but vitamin A, 1.9 to 3.6 mg. in 13 or 24 days allowed the
formation of such stores.
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The possibility remained that the carotene itself might be stored to

some extent in the liver. A depletion period of only 20 or 30 days, how-

ever, is Avhat one would expect to find with the vitamins that the animal

does not store but requires on a daily-intake basis, for example, the

water-soluble vitamins. This period is comparable with that required

for the depletion of ascorbic acid, Avhich is not considered to be one of

the vitamins effectively stored. Even the depletion period for those

animals that received the vitamin and presumably stored it was rela-

tively short.

The site of vitamin A storage

Likewise it seemed that there might also exist small undetected

stores of liver vitamin A in the carotene-fed animals, or that other stor-

age sites exist. In order to test the latter hypothesis five young ani-

mals were used. Three of these had been fed on fresh green grass ad

libitum, one had received the distilled vitamin A and one had received

the carotene concentrate for several weeks preceding sacrifice. The

whole carcasses of the latter two animals, exclusive of the liver and the

blood serum, were digested with KOH and the unsaponifiable fraction

of the oH tested with the Carr-Price reagent. The liver and serum were

examined separately. No vitamin A was found in the carcasses or in

the liver of the carotene-fed animal but 150 Mg. in the liver of the

vitamin A fed guinea pig and 40 Mg- per 100 ml. serum. The carotene-

fed animal had 22 Mg- per 100 ml. serum.

The three grass-fed guinea pig specimens were pooled and kidneys,

lungs, adrenals, hearts, washed gastro-intestinal tracts, testes, as well

as livers, sera and remaining carcasses were examined separately. N
vitamin A was found except in sera, livers and a trace in the kidneys

The totals were 33 Mg- per 100 ml. sei'a, 1850 Mg- in the three livers, am

5 Mg- in the combined kidneys.

Rate of depletion of vitamin A stores

The range and rate of depletion in apparently healthy young animal

were investigated. Sixteen guinea pigs purchased from various coni

mercial growers were maintained on a diet of alfalfa hay and rollei

barley with carrots fed twice weekly for several weeks. The guinea pig;

were then sacrificed and the livers analyzed for vitamin A. Since thes(

animals had been purchased from various growers the early dietarv

history varied. The diet generally used by growers consists of oat hay

rolled'barley, alfalfa (pellets or hay), greens or green vegetable top-s
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and sometimes cavvots. Only one guinea pig out of sixteen had a mpas-

iirabl.e amount of vitamin A in its liver; one other showed a trace. This

seemed to indicate even poorer utilization of carotene as a source of

vitamin A for storage than was found by Chevallier and Choron ( ’35,

’36). Clausen and McCoord (’34) reported that 1 mg. of carotene daily

for 2 weeks did not increase the vitamin A content of the guinea pig’s

liver.

Of the group of female guinea pigs used for depletion studies some

weighed 250 to 300 gm., and some that were older weighed 340 to 480

gm. Five were placed on diet 6. Pour of the animals maintained on

diet G did not receive vitamin A and manifested symptoms of vitamin

A deficiency. They died shortly after the appearance of the deficiency-

sjTnptoms and no vitamin A was found in the livers. The fifth animal,

226, was given 0.5 mg. carotene in 0.25 ml. oil daily a week after defici-

ency signs appeared. At the end of 31 days the amount of carotene

given was doubled. This guinea pig received a total of 53.5 mg. caro-

tene in 69 days after having been depleted to the deficient stage (fig. 1),

hut had a store of only 50 ag. vitamin A in the liver. Pour female

guinea pigs, littermates of the animals placed on diet G, were placed

on stock diet. After the growth curve was established for the four ani-

mals on the stock diet, which contained 0.58 mg. carotene per 100 gm.,

they were fed different forms of carotene for 38 days to determine

the extent of the vitamin storage. Two were given 1.0 mg. carotene in

dried grass (cerophyl) daily, plus 1.0 ml. of cottonseed oil; the other

two received the same amount of carotene, 1.0 mg. daily, in the form
of 1.0 ml. of a carotene oil concentrate. For guinea pigs weighing 500
gm., this amount was equivalent to 2.0 mg. per kilogram of body weight
daily, which is sixteen times the amount reported as necessary for sig-

nificant storage in the other mammals that have been studied (Guilbert,

Howell and Hart, ’40). Chemical analysis of the livers revealed a small

amount of vitamin A in all the livers. The values ranged from a trace

to 0.8 pg. per gram and the maximum total storage was only 23 pg. for
the entire liver. This is a low level of storage considering the arhount
ingested.

An experiment was carried out to test the speed unth which the vita-

min A stored in the guinea pig’s liver disappeared when the dietary in-

take was low. Tweiitj'-cight guinea pigs bedded on oat hay and raised
on a diet of fresh grass and rolled barley wore maintained on the stock
diet which provided 0.1 to 0.2 mg. carotene a day. These animals were
sacrificed at various intervals and the livens and sera analyzed for
vitamin A (table 2). The loss of vitamin A from the liver was rela-
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times as effective for this purpose as was carotene. Daily amounts of

1.0 mg. carotene per kilogram for ,38 days in depleted animals produced

only a trace of liver vitamin A, whereas 2.0 mg. per kilogram daily for

the same period resulted in storage -that was just significant. The loss

of these stores of the vitamin was rapid on lowered intake, 90% dis-

appearing in 30 days.
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Until lately, the study of the nutritional value of fats has been com-

plicated by the necessity of using basal diets that contain appreciable

quantities' of fat supplied in vitamin concentrates. Now, however, one

can prepare an adequate basal diet that is essentially fat-free. Such a

diet has been compounded and used to compare the growth of rats fed

miUc fat with the growth of those receiving certain synthetic glycerides

as supplements to the basal diet.

EXPERIMENTAL

Test diets

The composition of the fat-free diet (diet 1) is given in table

1. The diets containing fat were made up to contain 20% fat, 30%
casein, 46% glucose, 4% salt mixture, and the same vitamin supple-

ments as the fat-free diet. The fats used were trilaurin (diet 2), triolein

(diet 3), equal parts trilaurin and triolein (diet 4), and milk fat (diet 5).

Triolein was used because it represents the most widely distributed

unsaturated fatty acid. Trilaurin was chosen as a saturated fat that

melts near body temperature.

The fat-free diet (no. 1), in prelirainaiy trials, gave satisfactory

growth when fed to young rats. The only sources of lipids in this diet

besides the residual fat in the casein, are the linoleic acid and the ethyl

laurate; the latter was used to carry the fat-soluble vitamins, which
were dissolved in an amount of ethyl laurate such that about 0.07 ml.

per week supplied tbe required amount to each rat. To ensure con-
sumption of these vitamins and the linoleic acid, they were fed sepa-
rate from the rest of the diet. The casein was extracted with alcohol

169
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and ether to a lipid content of 0.2%. The original diet was soinewliat

dusty and this was corrected by substituting 1% glycerol for 1% gInco.se.

The milk fat was obtained from the milk of a large mimber of cows;
the method of collection has been desei'ihed elsewhere (Henderson and
Jack, ’44). The fatty-acid composition, determined in detail (Jack and
Henderson, ’45) by ester-fractionation and analysis, is shown in table 2.

TABUE 1

Composition of the faUfree diet (diet 1).

Basic mixture Other vitamin supplements fed

Labco casein, alcohol and ether
per kilo of basic mixture

extracted 24% Thiamine

'

10 mg.

Dextrose 72% Riboflavin

'

10 mg.

Sure’s s.alt mixture' 4% Pyridoxine ’

Pantothenic acid ’

10 mg.

Fitamin supplements (as Ca-pantothen.ate) 40 mg.

Linoleic acid, prepared by fractional

crystallization in acetone

(—60°C.) of fatty acids of

corn oil 25 mg./rat/day

Nicotinic acid

Inositol

Para-aminobenzoic acid

Choline

Biotin ‘

0.

3 gm.

1.

dgm.

0.6 gm.

500 mg.

25 fig.

a-Tocopherol (Eastman) 2 mg./rat/wk.

Vitamin A .alcohol (Eastman) 30 /<g./rat/wk.

Yitamin

Vitamin K (l-acetoxy-2

1 ftg./rat/wk.

niethyl-4-naphthyl sodium

phosphate) 2 pg./rat/wk.

' Sure, B., J. Nutrition, rol. 22, p. 499, 1941.

Furnished by courtesy of B. I. du Pont de Nemours and Co., New Brunswick, N. 3.
’ Supplied by courtesy of Merck and Co., Bahway, N. J.

‘Biotin solution (free acid), S.M.A. Corp., Chagrin Palls, Ohio.

TABLE 2

Tatty-acid composition of milk fat.

(Iodine no. (Ranits) 33.43; saponification no. 330.0; nonsaponifiahle matter 0.38).

i/KKorn
or CARBOK
CHAIK

WEIGHT
(

MOb I«EKGTH OP
CAJIBOK CKAIK WEIGHT

.Saturated T7ns.aturatod

c. 3.52 9.2 Gif> 0.2.5 0..9

C, 1.40 0001 C„ 0.15 0.2

C, 1 69 2.7 C„ 1.4S 1.5

Cio 2.67 3.5 c.. 5.09 5.2

c,. 4.54 5.2 c„ 18,69 15..9

.

C,. >1.65 14.8
i

0.98 0.7

c„ 30.0.5 27.2
1

Dinolcic 2.12 i.r

Cn 10.45 S.fi
!

C:« I.6S 1.2
j
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Oleic acid for the triolein ivas prepared from olive oil by the frac-

tional-crystallization method of Broivn and Shinowara ( ’37). The lauric

acid for the trilaurin was obtained by ester fractionation of coconut oil.

To prepare the triglycerides, direct esterification of the acids with

glycerol under bubbling CO2 was the method used. The esterified

products were subsequently washed with 70% alcohol.

The test diets were mixed in small quantities and refrigerated to

avoid deterioration.

Feeding trials

Two trials were made using young rats from the stock colony divided

into groups of four each, two males and two females. They were main-

tained in individual cages and fed the diets ad libitum. Over-all feed

consumption was measured. In one trial (no. 1) the mothers and young

were placed on the fat-free diet when the young were 14 days old. The
young rats were weaned at 21 da5'S and placed on the test diets at an

average weight of about 48 gm. In the other trial (no. 2) the rats were

allowed to grow to about 85 gm. before weaning
;
they were then placed

on the fat-free diet for 1 week before being given the test diets.

DISCUSSION

The results of the two feeding trials are illustrated in figures 1 and 2.

Mackenzie, Mackenzie and McCollum (’39) prepared a diet lower in

fat than any previously reported. It was found to give growth com-
parable with that made on their stock diet. The fat-free diet used in

the present experiments was planned along the same lines as the Mac-
kenzie-McCollum study except that glucose was used in place of sucrose,

the B vitamins were provided as pure materials rather than from ex-

tracted yeast, and no cystine was included. The growth rates of our
rats on fat-free diets closely resembled those obtained by Mackenzie
etal. (’39).

The difference in growth rates between the two experiments here re-

ported can be explained by the difference in starting weights. The
smaller rats grow more rapidly than the larger ones

;
but if the curves

are superimposed so that the ordinates coincide at the same body weight,
they form segments of the same general curve.

It is difficult to ascribe any significance to the fat-depletion period,
either of the mother before weaning or of the young rats after weaning.
In both trials, rats receiving the milk fat and the triolein showed faster
growth rates than those receiving the other diets. There was no sig-

nificant difference between the milk fat and the triolein diets.



172 HEA’DEESOA’', JA'CK, LEPKOVSKY AND EEID

Trilaurin restricted growth as has been reported earlier in the liter-

ature (Evans and Lepkovsky, ’32 a, ’32 b; Cox, ’33) and the effect was

more pronounced in the younger rats. '^Vhen trilaurin was mixed witli

triolein so that each provided 10% of the diet, this diet was less re-

strictive of growth than when the diet contained 20% trilaurin.

Peed consumption was almost identical -for all lots, except that those

on the trilaurin ate slightly less feed than the others. This difference,

however, being only about 5% less feed per rat for the entire feeding

period, was too small to account for the difference in growth.

Pig. 1 Weight gain o£ rats in feeding trial 1.

Pig. 2 Weight g.ain of rats in feeding trial 2.

SUMMARY A^^> CONCLUSION

1. A fat-free diet is described in Avhich all the components are pure

compounds vdtli the exception of casein extracted with alcohol and

ether.

2. This diet was found to be satisfactory for use in the fat-nutritional

experiments.

3. The rats on the milk-fat diet and on the triolein diet grew faster

than those on the other diets. There was no significant difference he-
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tween the milk-fat diet and the triolein diet with respect to their eifeot

on growth.

4. Trilaai-in, when fed at the level of 20%, enabled the rats to grow

at about the same rate or slightly slower than the rats on a fat-free diet.

5. When 10% each of trilanrin and triolein -were fed, the growth of

tlie rats was intennediate between those receiving trilanrin and those

receiving triolein.

6. The growth-promoting effects of the different diets could not bo

attributed to differences in feed consumption.
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Trilaurin restricted growth as has been reported earlier in the liter-

ature (Evans and Lepkovsky, ’32 a, ’32 b; Cox, ’33) and the effect was
more pronounced in the younger rats. When trilaurin was mixed with

triolein so that each provided 10% of the diet, this diet was less re-

strictive of growffh than whe3i the diet contained 20% trilaurin.

Feed consumption -was almost identical for all lots, except that those

on the trilaurin ate slightly less feed than the others. This difference,

however, being only about 5% less feed per rat for the entire feeding

period, was too small to account for the difference in growth.

Eig. 1 Weigiit g.tin of mts in feeding trial 1.

Fig. 2 AVeiglit g.-iin of rats in feeding trial 2.

SUMMARY AND CONCLUSION

1. A fat-free diet is described in Avhich all the components are pure

compounds with the exception of casein extracted wdth alcohol and

ether.

2. This diet was found to be satisfactory for use in the fat-nutritional

experiments.

3. The rats on the milk-fat diet and on the triolein diet grew faster

thaw those on the other diets. There was no significant difference he-
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The opinion is current in many places that food fats of either animal

or vegetable origin, when properlj' supplemented, are practieally

equivalent in nutritional value. The Council on Foods and Nutrition

of the Ameriean Medical Association ( ’42) drew the following conclu-

sion: “At present there is no scientific evidence to show that the use of

fortified oleomargarine in the average adult diet would lead to nutri-

tional difficulties. A similar conclusion is probably justified in the case

of growing children.’’ This statement has been taken by many persons

to imply that oleomargarine is nutritionally equal to milk fat. The
Council, however, further points out: “The nutritional factors have
not all been identified and butter contains numerous additional fatty

acids of unknown nutritional significance.”

Deuel and associates (’44) were able to find no difference in the

growth rate of rats fed diets supplemented with butter, corn oil, cotton-

seed oil, margarine, olive oil, peanut oil, and soybean oil. The fats were
fed at approximately a 30% level. On the other hand Gullickson, Foun-
taine and Fitch (’42) found that young c.alves did poorly and often
died when their sole source of fat was vegetable oils, but that they were
healthy and thrifty on milk fat, lard, or tallow. Elvehjem, Hart, and
their co-workers ( ’40, ’40, ’41) showed that milk fat gave better growth
when fed to weanling rats than did corn oil, coconut oil, cottonseed oil,

and soybean oil. The superiority of milk, fat was most pronounced
wlien lactose was the carbohydrate used (Boutwell et ah, ’43). The
corn oil was superior when dextrin, sucrose, glucose, or starch was
used. According to these results and others reported in the literature,

there is no clear-cut evidence that one fat is nutritionally superior to
another.

175
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The present j^ai^er reports the results obtained when glyceride frac-

tions from a natural fat (milk fat) \Yere fed to %Yeanling rats as supple-

ments to a fat-free diet. This approach to the iDroblem ^Yas chosen be-

cause if any portions of a natural fat (whose eomiDosition is known)
can be shown to differ nutritionally from other portions, then a basis

will be established for determining the inherent nutritional value of a

fat.

EXPERIMENTAL

Fat fractions

Milk-fat fractions ivere prepared b}'- precipitation from a solvent at

progressively lower temperatures, as follow’s : — 7°, —
- 13°, — 23°,

— 53°C., and the filtrate remaining at — 53°C. The details of the prepa-

ration of these fractions have been described elsew’here (Henderson and

Jack, ’44). In physical appearance these fractions ranged from a dry

white powder to a reddish oil; the melting point ranged from 53° to

— 10° C,, and the iodine numbers from 8.2 to 56. The detailed fatty-acid

composition of the fractions and of the original milk fat is shoivn in

table 1 (Jack and Henderson, ’45).

TABLE 1

Fatty acid composition of mill- fat and of miOi-fat fractions.

LENGTH OF M O L 1* V. n CENT
CAUBON CHAIN — 7 ppt. - ra ppt. — 23 ppl. ~ 53 ppt. - 53 fill. snik fot

Saturated

c, 2.5 4.6 8.7 7.9 9.3 9.2

c. 2.9 4.0 5.8 6.9 . 2.8

c. 6.6 1.3 1.7 2.4 2.7

c,„ 1.2 4.9 4.0 5.5 4.5 3.S

c« 4.5 3.5 4.2 4.7 3.7 5.2

G.. 16.6 11.3 14.6 16.0 7.4 14.8

c„ 42.1 36.2 38.1 24.0 14.0 27.2

Cjs 21.1 9.3 5.2 8.5 6.8 8.5

3.8 3.1 1.0 1.4 1.4 1.2

c«

ITnsaturated

0.8

Cjo 0.2 0.1 0.3 1.4 0.3

c,. 0.2 0.1 0.2 0.4 0.2

Cu 0.1 0.9 1.2 1.4 1.8 1.5

C« 0.4 3.9 4.5 2.7 4.6 5.2

‘ Cu 0.1 10.6 10.7 17.2 30.0 15,3

Cm 0.8 1.3 1.9 1.8 0.8 0.7

Linoleic 0.5 0.4 0.5 0.0 1.7,
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Test diets

Table 2 shows the compositions of the diets.

TABLE 2

CoiupoAifion of test diets.*

DIET NO TAT SOURCE AT
20% 1,E\T.L

CASEIN CLVCOSE SUEE’S SALT
sirx

% % %
1 Fat-free 24 72 4

2 Milk fat

(solvent treated) 30 46 4

3 Synthetic *

milk fat 30 46 4

4 — 7 ppt. 30 46 4

5 — 13 ppt. 30 46 4

6 — 23 ppt. 30 46 4

7 — 53 ppt. 30 46 4

8 - 53 filt. 30 46 4
9 Composite *

milk fat 30 46 4

10 Milk fat (not

solvent treated) 30 46 4

* The diets \Tero suppiemented by Titamins, as described pterioasly. See table 1 in papei en-

titled “Nutritional Studies on Milk Fat. I.** by Henderson and Jack, vol. 30, p. 170.
* Fatty acids of milk fat reesterified with glycerol.

* Combined increments of the different fractions.

Feeding technic

The selection of the rats, the numbers used, and the methods of feed-
ing were the same as those previously described (Henderson et al., ’45).

RESULTS

Two feeding trials were made, and the results of trial 2 are shown in
figure 1 as being representative. The findings ivere practically identical
in the two trials. Trial 2 ivas chosen for presentation because it included
diets 2 and 3 which were not in the first trial. Diet 2 contained milk fat
which had been dissolved in solvent followed by solvent removal in the
same manner as the fat fractions. The fat in diet 3 was synthesized
from the component fatty acids of milk fat.

DISCUSSION

The expei-imental data illustrated in figure 1 show the diet contain-
ing untreated milk fat to be superior to the others. The remainder of
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the diets, all of which contained fat which had been dissolved in solvent

at some stage in its preparation, may he divided essentially into three

groups on the basis of their growth-promoting ability: the diet con-

taining the — 53° filtrate was markedly superior to the rest; the diets

containing the — 7° ppt. and the fat-free diet were the poorest; the

others, while shov^ing some variation within themselves, wei’e all suf-

ficiently in the same range to constitute a single group. The authors

are not prepared to attempt an explanation of the effect of the solvent

Fig. 1 Weight gain of rats on diets containing milk-fat derivatives.
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The diets containing the fat fractions, even though the two extreme

fractions are outstanding, all ranged themselves in the order of the

temperature of precipitation. These differences cannot be ascribed to

differences in assimilation resulting from differences in melting point

(Henderson and Jack, ’44), since all except the — 7° ppt. melt at tem-

peratures at which assimilation is known to he excellent, and since even

53°C., the melting point of the — 7° ppt., was not high enough to inter-

fere seriously with assimilation (Boutwell et al., ’43).

Eeference to the composition of the fat fractions (table 1) suggests

that the oleic acid content or possibly the total unsaturation might be a

contributing factor since this is the only characteristic that varies in

the same manner as the groivth-promoting ability. Conceivably, the

marked superiority of the — 53° filtrate might also result from the

fact that this fraction is highly unsaturated and contains most of the

nonsaponifiable matter of milk fat. This possibility, however, does not

appear probable, since preliminary trials have shown the fat-free diet

to be vitamin-sufficient; it is believed that the principal role of these

factors is to supply vitamin activity.

The results presented here suggest conclusions different from those

of the Wisconsin workers (Sohantz et al., ’40), wherein they reported

that the saturated portion of milk fat provided better growth than the

other portions. Their saturated portion compared in degree of un-

saturation with our — 7° ppt., which was inferior to the other fractions.

The results here were on the natural glycerides, whereas the Wisconsin

results were based on glycerides synthesized from “solid” fatty acids

separated from milk fat. The results obtained by the Wisconsin feed-

ing technic could be interpreted as showing the value of saturated fatty

acids of milk as supplements to corn oil, since the fatty-acid fractions

fed had been mixed with and replaced a certain amount of corn oil.

Possibly the differences were due to the synergistic action of the two
fats, or fat-soluble constituents, rather than to an inherent property of

either. In the results here reported, the differences are believed to be
true representations of the growth-promoting properties of milk-fat
fractions, inasmuch as they constituted the sole source of fat.

Essentially similar results w'ere obtained with the natural milk fat,

treated with the same solvent as the fractions
;
the synthetic milk fat,

prepared by esterification of the milk-fat fatty acids'with glycerol
;
and

the composite milk fat, obtained by mixing the proper increments of the
milk-fat fractious. The results fell about midway in the intermediate
group. The synthetic milk fat does not contain the nonsaponifiable
matter of milk fat, which is present in the other two.
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Burr and Barnes ( ’43) have commented on the large differences that

have been reported on the comparative nutritional value of different

lipids. According to them, the outstanding feature of these experiments

is the irregularity of results, which they ascribe either to the metliod

of feeding or to the unrecognized effect of rancidity on the rest of the

diet. We do not believe that either of these two factors affected our

findings, since the experiments were repeated after 5 months vdth the

same results, using fat from the same source.

SUMMARY AND CONCLUSION

1. Five glyceride fractions separated from milk fat by jorecipitation

from a solvent were fed to weanling rats, and the gain in weight was

measured.

2. The growth responses place the fractions in three groups. The

— 53° filtrate was superior to all other diets containing solvent-treated

fat
;
the — 7° ppt. and the fat-free were the poorest

;
the others formed

]

an intermediate group.

3. The diet containing natural millc fat which had not been solvent-

treated gave greater growth than any other diet. The diets containing

the solvent-treated milk fats (natural, synthetic and composite) fell in

the intermediate group with no significant difference between them.

4. The fatty acid composition of the fats suggests that either the

oleic acid content or the total unsaturation might be a factor contribut-

ing to differences in growth.
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INTRODUCTION

In a study of tlie availability of soybean oil meal pbosphorus (Spitzer

and PMllips, '45) it was found that 58.0% of the soybean oil meal phos-

phorus existed in the form of phytin or phytic acid and that this phos-

phorus was readily available to the rat.

In view of these results an explanation for the utilization of soybean

oil meal phosphorus was sought by investigating the role of phytin and

phytic acid-splitting enzymes.

A phytie acid-splitting enzyme (phytaso) was. first found by Suzuki

et al. ( ’06). Adler ( ’10) studied a malt phytase and found its optimum
hydrogen ion concentration at pH 5.4. Horiuchi (’31) found that rice

bran contained a phytase with optimum hydrogen ion concentration at

pH 4.3.

It has been suggested by Hart et al. ( ’09), by Pedersen ( ’41) and by
Singsen and Mitchell (’44) that there may be some relationship be-

tween the availability of phytic acid phosphorus and the phytase ac-

tivity of the ration. MoCance and lYiddowsen ( ’44) and Mellanby ( ’44)

have discussed the role of phytase in wheat and oats with respect to the

difference in rachitogenic effect between the two grains.

The occurrence of phytase in the animal body was reported by
McCollum and Hart (’08). These workers found phytase activity in the

liver and blood of calves. Plimmer (’13) failed to find the enzyme in

’Publiahed with the approval of the Director of the Wisconsin Agricultural Experiment
Station. This study has been supported in part by a grant from the A. E. Staley Manufactur-
ing Company, Decatur, Illinois.

We are indebted to Jlerch and Co., Kahway, ICew Jersey, for the synthetic vitamins; to
Wilson and Company, Chicago, Illinois, for the 1;20 liver powder; to Abbott Laboratories,
North CJacago, Illinois, for halibut liver oil, and to Oscar Mayer Packing Company, Madison,
Wisconsin for animal tissues used in these studies.
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earlier studies in one respect ; namely, the 1% 1 : 20 liver powder was

omitted because it was a constituent which might possess some phytase

activity. This basal ration which will be called the “basal-B” ration

consisted of 77.6% sucrose, 14.0% fibrin, 2% low calcium low phos-

phorus salts, 4% corn oil, 0.1% inositol and 0.3% choline chloride. The

other vitamins were fed at the same level and in the same manner that

has been reported earlier (Spitzer and Phillips, ’45). Vitamin D was

fed at a level of 70 U.S.P. units per week.

The “basal-B” ration contained 0.014% phosphorus as determined

by the method of Piske and Subbarow ( ’25) and the use of an Evelyn

photoelectric colorimeter. The phosphorus content of all rations was

determined in order to provide data on the level of this element fed

throughout the experiment. The calcium content of the rations in all

eases was kept as near as possible to 0.6% supplied either as CaHPOi
or CaCOa or both. The Ca ; P ratio varied within the limits of 2.4: 1 and

2.8:1. Inorganic phosphorus was added as CaHP04 . All major sub-

stitutions in the “basal-B” ration were made at the expense of the

sucrose or fibrm or both.

Rations were stored in the i-efrigorator to avoid the development of

rancidity. Pood and distilled water were supplied daily ad libitum.

The rats, six per lot, were kept in cages of galvanized ivire.

At the end of 5 weeks the animals were sacrificed, the femora removed
and bone ash determined by the technique described in earlier experi-

ments (Spitzer and Phillips, ’45). The dietary regimen is given in

table 1.

BESULTS

Growth data are summarized in figure 1. Inspection of these data
shows that when 1.0% 1 ; 20 liver powder was fed -with fibrin or soybean
oil meal, better growth resulted than when the fibrin or soybean oil

meal was fed alone. Heating either the solvent or the expeller tjqie

soybean oil meal portion of the ration at OS^C. for 48 hours bad no
detrimental effect upon growth. When, however, the entire rations
were heated at 98° C. for 48 hours, a marked reduction in food con-
sumption occurred which resulted in a retardation of growth rate.

Table 1 summarizes the data on the availability of soybean oil meal
phosphorus as measured by bone ash. It is evident that heating the
soybean oil meals or the entire ration had no unfavorable effect on the
availability of the phosphorus. Neither did the removal of the 1.0%
1 : 20 liver powder. Slightly higher bone ash values were obtained when
1.0% of 1 : 20 liver powder was present but this small increase may be
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Fig. 1 The 'effect of Jicat and tlic removal of 1.0% liver powder on growth when certain

soybean oil meal and fibrin nations rverc fed. The entire ration was heated for 4S hours at SS'C.

TABLE 1

T!ic effect of heat on the availahiliti/ of soybean oil meal phosphon/s.

hOT
KO.

KO.
OP
BATS

IJATIOK
r»Kn CEXT

j'lrosniront’s
IN IIATION

I'KB CENT
CALOriTM
IN BvVTlON

avebaoe
rm CENT
UOnC ash

1 6 Basal B without fibrin + 31% expeller soybean

oil meal (14% protein and 0.228% P) 0.242 0.69 54.2

2 6 Basal B without fibrin + 34% expeller soybean

oil meal (heated -IS hours, 98'C., 14% protein

and 0.228% P) 0.242 0.69 54.1

3 6 Basal B Avitliout fibrin 4~ 34% solvent soybean

oil meal (not toasted, 14% protein and

0.228% P) 0.242 0.69 52.0

4 6 Basal B without fibrin + 34% solvent soybean

oil me.al (heated 48 hours, 98°C., 34% protein

and 0.228% P) 0.242 0.69 52.0

5 6 Basal B without fibrin 34% solvent soybean

oil meal (heated 48 hours, SS'C., 14% protein

and 0.228% P) +1% i : 20 liver powder 0.256 0.69 53;2

6 6 Basal B without fibrin + 34% solvent soybean

oil meal (14% protein and 0.228% P). Entire

ration heated 48 hours, 98 "C. 0.242 0.09 50.3

7 e Basal B without fibrin + 34% solvent soybean

oil meal (34% protein and 0.228% P) + 1%
1 : 20 liver powder. Entire ration heated

48 hours, 98 “C. 0.2.56 0.69 51.0

8 6 Basal B + 0.228% inorganic P 0.242 0.60 47.1

9 6 Basal B 4- 1% 1: 20 liver powder + 0.228%

inorganic P 0.256 0.60 48.5
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explained on the basis of the phosphorus present in the 1 : 20 liver

powder itself. This slight increase was also observed on the fibrin ra-

tions where inorganic phosphonis was employed. It is interesting to

observe that although heating the ration caused a depression in growth

(fig. 1) and in food consumed, it had very little or no effect on bone ash

value.

These results indicate that the utilization of soybean oil meal phos-

phorus was not dependent upon a ration-bonie heat labile phytase.

Since Patwai’dhan (’37) and Kreiger (’38) had x-eported phytase

activitj' in the intestine of the rat, it seemed possible that this was the

source of the enzyme responsible for the utilization of the soybean oil

meal phosifiiorus. Consequently a method for the measurement of

ifiiytase activit)^ was developed for the purpose of ascertaining its dis-

tribution ill tissues and to check the phytase activity of our rations.

Determination of phytase

Preparation of snhstrate. Calcium phytate was dissolved in dilute

hydrochloric acid and the solution filtered. An equivalent amount of

sodium oxalate was then added and the solution was made slightly

alkaline. The precipitate of calcium oxalate was removed by filtration.

The filtrate containing the sodium phytate was analyzed for inorganic

and total phosphorus by the method of Fiske and Subbarow (’25). The
results showed the presence of 100 ng. of sodium phytate phosphorus

and 10.0 pg. of inorganic phosphorus per milliliter.

Preparation of samples. Albino rats were decapitated, the small in-

testines were removed, opened, washed cai’efnlly in running water,

and homogenized by the Potter-Elvehjem technique (’36). Large ani-

mal intestines wore obtained immediately after the animals were
slaughtered and were treated in the manner described above. Thus
samples of intestinal walls were propai'ed for analyses. Samples of

intestinal contents were extracted with distilled H^O and the insoluble

material removed by filtration. Plant tissues were prepared by mak-
ing a water extract of a finely gi’onnd sample.

iletlwd of assay. To 2.0 ml. of substrate and 3.0 ml. of buffer, 1.0 ml.

of the tissue preparation was added. Inorganic phosphorus was de-

termined immediately before and after a suitable incubation period at
37° C. The increase in inorganic phosphorus represented the phytase
activity when other mechanisms for the release of phosphorns were ac-

counted for. The proteins were precipitated by the addition of 3 ml. of

10.0% triehloracetic acid. After standing for 10 minutes the material
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The effect of ration ingested upon the phytase activity of rat intestine

and rat intestinal contents. The small intestines of the rats fed rations

used in the previous studies and animals of varying ages receiving a

stock ration * were used in these studies. All animals, twenty-eight in

number, showed phytase activity in the mucosa of the small intestine.

Some phytase activity was observed in the intestinal contents.

The distribution of phytase in the tissues of other animals. Exten-

sion of these studies to other species has shown jibytase to be present

in the small intestinal mucosa of the chick, pig and cow. Some phytase

activity was also observed in the intestinal content's of the cow and the

pig. Determinations were made at pH 7.8 on tissue samples from three

different animals of each species.

The distribution of phytase in rations used. Analysis failed to show

any phytase activity at either pH 7.8 or 5.2 in solvent or extracted soy-

bean oil meals, or in the rations before or after heat treatment.

DISCUSSION

The crude enzyme preparations used in these studies undoubtedly

contained some magnesium ions. Further additions of magnesium ions

resulted in an increase in total inorganic phosphorus liberated but had

no stimulating effect on the phytase. Kay ( ’32) reported that an in-

testinal phosphatase, capable of hydrolyzing monophosphoric esters,

was stimulated by magnesium ions. However, the phytase reported by

Rapoport et al. ( ’41) showed its maximum activity at a slightly acid pH

and was not stimulated by magnesium ions. Similar to our studies,

Rapoport used methods for determining the increase in inorganic acid

phosphorus due specifically to phytase. This suggests that the stimula-

tion observed by Patwardhan (’37) and Kreiger (’38) was due to the

activation of other phosphatases, as shown by Kay ( ’32). The question

of concentration of magnesium ions should not be overlooked.

It seems quite possible that the enzyune studied here was the same

phytase reported by Patwardhan ( ’37) and possibly'' similar to that re-

ported by Kreiger (’38). On the other hand the existence of several

animal “phytases” is quite possible.

Kreiger and Steenbock (’40) have shown that the utilization of

phytin phosphorus by the rat is enhanced by feeding high levels of

vitamin D and by employing a favorable Ca : P ratio. In our studies in

which we have shown utilization of soybean oil meal phosphorus (58%

^ stock ration consisted of wlient, corn, linseed oil meal, soybean oil meal, tankage, ground

alfalfa, butter, liver powder, CaCO, and NaCl.
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in the form of phytin or phytic acid), 70 U.S.P. units of vitamin D were

fed weekly and favorable Ca : P ratios were maintained.

Extension of these studies to other species has demonstrated phytase

in the mucosa of the small intestine of the chicken, pig and cow. Some

activity was also observed in the intestinal contents of the pig and cow.

Under practical conditions where sufficient vitamin D is obtained from

solar irradiation it seems likely that these animals too would utilize

phytin or phytic acid phosphorus since phytase is present in their in-

testinal mucosas. This would explain the results obtained by Hart et al.

(’09) and Singsen and Mitchell (’44). According to Kreiger (’38) it

seems quite possible that vitamin D is directly related to the activity

of phytase.

No phytase activity could be measured in the rations used in these

studies. The importance of plant phytases in the utilization of phytin

and phytic acid phosphorus has been discussed by MoOance and Wid-

dowsen ( ’44), Mellanby ( ’44), Pedersen ( ’41) and Singsen and Mitchell

(’44). Plant phytases that have been reported show optimum activity

under slightly acid conditions. These may function in hydrolyzing phytin

and phytic acid during certain cooking procedures or in the acid parts

of the digestive tract. However, the importance of the plant phytases

is probably over-emphasized.

The possible phytase activity of the intestinal flora should not be

overlooked since the intestinal contents of the rat, pig and cow exhibited

some activity.

SUMMAHV AND CONCLUSIONS

It has been shoivn that soybean oil meal phosphorus, which was 58%
phytin or phytic acid phosphorus, was utilized by the rat without a

ration-borne heat labile phytase. Heating the rations at 98‘’C. for 48

hours did not depress the utilization of the phosphorus.

A method for the determination of phytase activity was developed
which revealed the presence of a phytase in the small intestinal mucosa
and in the intestinal contents of the rat. The optimum pH of this enzyme
was found to be pH 7.8. Although the addition of magnesium ions to

a crude enzj-me preparation caused an increase in total phosphorus
liberated, it did not stimulate the action of phytase. Phytase activity

was observed in the small intestines of rats of all ages and in the small

intestines of rats receiving several different rations.

Solvent or expeller soybean meals failed to show any phytase activity

at pH 5.2 or at pH 7.8.
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Pliytase activity was observed in tbe small intestinal mucosa of the

chicken, pig- and cow.

From these studies it would appear that tlie pliytin or pliytic acid

pliospborus of soybean oil meal Avas made available by tbe action of

intestinal pbytases.
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PHYSIOLOGICAL AVAILABILITY OP THE VITAMINS

III. THE EFFECT OF DIETAKY ASCOBBIO ACID OXIDASE ‘
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(Received for publication April 11, 1945)

IVolies and Organ (’43) Lave reviewed the literature on tlie presence

of ascorLio acid oxidase in plant tissues and tlie rapidity ivitli which it

destroys the aseorhic acid present. The tests conducted hy Hoehberg,

Melnick and Oser ( ’43) on a homogenized composite of a daily ration

of foods commonly consumed by man indicate that the activity of the

ascorbic acid oxidase derived from vegetables is not materially inhibited

by the presence of other foods free from this enzyme. Complete con-

version of reduced to dehydroascorbic acid occurred during the period

required for the homogenization of the diet, oven under conditions which

would be expected to inhibit oxidation of the vitamin. In the presence

of molecular oxygen the oxidation of ascorbic acid may proceed beyond

the dehydro stage to diketogulonic acid (Levcowich and Batohelder,

’42; Penney and Zilva, ’43) to oxalic acid (Dodds and Gallimore, ’32;

Rosenfeld, ’43) and possibly to other nutritionally inactive compounds.

Young and JIcHenry (’42) have drawn comparisons between the

calculated and determined amounts of ascorbic acid in a series of meals.

The analytical values were only 24 to 75% of the theoretical median as

calculated from three sets of reference tables dealing with food compo-
sition. They point out that determinations of vitamin content of fresh

foods may provide little information as to the amounts in the foods as

consumed, since there may be variations in duration and conditions of

storage, cooking procedures, and other factors. It seemed possible,

therefore, that ascorbic acid oxidase, being responsible in large measure
for the lower-than-expected ascorbic acid content of foods about to bo
eaten, may operate in vivo, thus reducing the physiological effectiveness

of the ingested vitamin.

‘ Some of the results in this paper were presented in summary before the Division of Bio-

logical Chemistry at the 108th meeting of the American Chemical Society, New York, N. Y.
The expenses of these studies nere defrayed by a grant from Lever Brothers Company, Cam-
bridge, Wass,
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basal ascorbic acid excretion, response to the test doses, and small

carry-over (second 24-bour) excretions. Two weeks later the experi-

ment was repeated, but this time the diet was consumed with the vege-

tables in their natural raw state. No initial or progressive decreases

in the basal urinary excretion values were noted when the subjects re-

ceived the unheated diet. After the postprandial test dose of 200 mg. of

ascorbic acid, an increase in the urinary excretion of the vitamin re-

sulted, followed by a small carry-over during the subsequent 24-hoTir

period. The extra excretion of ascorbic acid following dosage was com-

parable to that observed during the control period when no active as-

corbic acid oxidase remained in the foods taken.

TABLE 2

Urinary excretion of dietary and extra ascorbic acid by subjects receiving diets containmg

nctiue and heat-inactivated' ascorbic acid oxidase.

(All values in milligrams per 24 hours.)

SUBJECT

DIET WITH EKEYMES HEAT-IKACTIVATED DIET CONTAINIS'O ACTH'E ENZYSfES

Btisal excretions!
After 200 mR.
test dose of

ascorbic acid
Basal excretions

After 200 m?.
test dose of

ascorbic acid
I8t24
hrs.

3rd 24
hrs.

iRt 24
hrs.

2nd 24
hrs.

3rd 24
hrs.l8t 24

hrs.

2nd 24
hrs.

iKt 24
hrs.

2nd 24
hrs.

J.C. 56 44 141 86 36 45 57 9
E.M. 52 60 195 88 74 61 59 mSM
D.M. 63 55 135 75 40 44 43 163 84

M,H. 51 53 165 90 67 59 57 199 97

H.H. 12 14 66 39 22 23 27 103 42

Average 47 45 140 76 48 46 48 156 77

' The enzjTnes in the diet were inactivated by heat essentially as in the in vitro studies (sc®

footnote to table 1) except that the blanched mixture was not homogenized.

The values shown in table 2 are for total ascorbic acid. However, ia

the course of the urine analyses, reduced ascorbic acid (and by differ-

ence, dehydroascorbic acid) was also determined. These data are nof

included in table 2 since they indicate no significant difference in the

urinary excretion of either form of the vitamin during the control aii^l

test periods. In all cases approximately 91% of the total vitamin in the

urine was reduced ascorbic acid, the remainder being in the dehydro

state. This is in fairly good agreement with the 82% figure reported

by Berryman and associates ( ’44) for the fraction found in the reduced

form in urine after dosage with the reduced ascorbic acid.

In table 3 the data of table 2 are restated in terms of per cent of test

dose excreted when taken with the diets containing active and heat-
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inactivated enzymes, respectively. In considering tliese data it slionld

be pointed out tbat someivbat greater individual variations were ob-

seiwed from control to test period than in the case of other ascorbic

acid assays conducted with the same subjects. However, group averages

are reproducible (Melnick, Hochberg and Oser, ’45). The average 4S-

hour extra excretion of ascorbic acid when the added vitamin was con-

sumed along with the diet in which all enzymes had been heat-inacti-

vated was found to be 63% of the dose. A value of 71% was obtained

when the vitamin was taken with the natural diet, i.e., in the presence

of active ascorbic acid oxidase. The difference is not statistically sig-

nificant (t= 0.84). It is apparent from these data that no demonstrable

TABLE 3

Stahility in vivo of iUetary antZ extra ascorbic acut in the presence of natural

ascorbic acid oiridase.

WET WITH ESEVMES KEAT-IKACTIVATEO DIET COKTAIUIKO ACTIVE EA'EVMI.e

S1JBJECT Averace Fraction of 200 mg
test dose excreted

Aversee
bsssl

PractioB of 200 mg
test dose excreted

«xcT«t»on
Ist 24 hrs 2nd 24 brs

excretion
1st 24 hrs 2r»d 24 hrs

f24 hri. % <70 mj> /e4 Am. % %
J.C. 50 46 18 46 48 12

E.J[. 56 70 16 65 54 15

r>.M. SO 3S 8 42 Cl 21

M.H. 52 57 10 61 60 18

H.H. 13 27 13 24 40 18

Average 46 48 15 48 54 17

Average total excretion

of extra ascorbic acid 62.4% 71.2%

Availability of ascorbic

in presence of oxidase

neid Ii?X100=
62.4

114 It 16%

destruction of ascorbic acid occurred by virtue of the concomitant in-

gestion of active ascorbic acid oxidase. In fact two of the subjects

(DM. and H.H.) present the apparent anomaly of excreting somewhat
more ascorbic acid when the active enzymes were included in the diet.

However, the excretion values for these particular individuals during
the control period (heat-inactivated diet) were somewhat lower than
usual.

The in vitro tests (table 1) demonstrated a proportionately greater
desfruefion to have occurred in the naturally supplied ascorbic acid
because the enzyme appeared to operate in an absolute rather than a
relative manner. However, the reproducibility of the basal ascorbic





PHYSIOLOGICAL AVAILABILITY OF THE VITAMINS

IV. THE IlfEFFICIBSrcy OP LIVE TEAST AS A SOURCE OP THIAMINE *

MELVIN HOCHBEEQ, DANIEL MELNICK AND BBENASD L. OSEK

Food Jiesearch Laboratories, Jnc., Lonff Island City, New Toric

(Heccived for publication April 11, 1915)

Live compressed yeast has been widely advertised as a good source

of the vitamin B complex. However, studies by "Walker and Nelson ( ’33)

showed that vitamin B in fresh yeast is not readily available for ab-

sorption in the gastrointestinal tract of the rat due presumably to the

resistance of the live yeast cell to digestion (Montgomery and associ-

ates, ’31).

In chemical methods of assay, the cells are ruptured by boiling the

suspension of the yeast in dilute sulfuric acid, making possible measure-

ment of the total thiamine content. We have confirmed this by rat as-

says (curative) of neutralized acid extracts of yeast.

Parsons and associates ( ’42 b) at the University of Wisconsin pre-

sented evidence of the non-availability to man of the water-soluble

vitamins in fresh yeast. When the yeast was suspended in boiling

water, and then fed, evidence of thiamine absorption was obtained. In

only one type of live compressed yeast was the thiamine present in

utilizable form (Parsons and collaborators, ’45). This sample contained

five times as much thiamine, but otherwise was identical with one of

the yeast cakes previously shown to contain thiamine in a non-avnilable

form. The authors concluded that the extent to which thiamine was
available in live yeast was determined not by the strain of yeast, but

by the high concentration of thiamine in the yeast cells.

In the pre.sent study, the availability to man of thiamine in the live

yeast was investigated by means of the human availability technic de-

scribed by klelnick, Hochberg and Oser (’45). Thiamine intake wa.s

determined by the thiochrome procedure (Hennessy, ’41), and urinary
excretion by the colorimetric method (Hochberg and Melnick, ’44).

* Some of the Tosnits in tltis paper were presented in summary before the Division of Eiologi-

cal Chemistry at the 108th meeting of the American CShcmical Society, New Torh, N. Y. The
expenses of tliesc studies were defrayed by a grant from Lever Brothers Company, Cambridge,
Mass.
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Thiamine was the only vitamin included in this study, since accord-

ing to the work of Parsons and associates ( ’42) its excretion is an in-

dex of the degree of availability of all the water-soluble vitamins pres-

ent. Parallel in vitro studies were also conducted.

In vitro tests

It has long been known that, during growth and multiplication, yeast

cells are able to remove thiamine from solution. Thus, brewers’ yeast

is rich in thiamine while the beer contains only a small fraction of tie

vitamin originally present in the wort. Thiamine is present in yeast

primarily in the jphosphorylated form. During the drying of jmast cells

a phosphatase is liberated which converts some of the combined thia-

mine to the free form (Melnick and Field, ’39). Therefore aid-dried

TABLE 1

Free and phosphorylaied thianiine in commercial samples of moist compressed yeast.

(All values in micrograms per gram.)

S A P L E T II I A I J; E r 0 V N D

No Description
Kon*

phosphorylated
Pliosphorylated Total

Per cent
Phosphorylated

Regular yeast 0.3 3.9 4.2 93

Regular yeast 0.5 4.6 5.1 90

High vitamin yeast 50 164 214

High vitamin yeast 47 152 199

5 High vitamin yeast 64 13 77 17

yeast samples may contain variable proportions of thiamine in the

phosphorylated state, depending on the conditions of preparation. D
the present report the differences in the thiamine values before and

after treatment of the test extracts with phosphatase are attributed to

the presence of phosphorylated thiamine.

In table 1 are presented the results obtained in the analyses of five

samples of compressed yeast cakes. Two of these were bakers’ yeast,

available for commercial use but not enriched with added vitamias.

Preparations 3 and 4 were “high vitamin” yeast preparations em-

ployed at the time in the manufacture of enriched bread. The fifth

sample was a high vitamin yeast cake sold directly to the public as a

source of the water-soluble vitamins. The data indicate that, in the

non-enriched yeast samples, approximately 90% of the thiamine was

present in the phosphorylated state. In the high vitamin yeast used tor

baking purposes, about three-fourths of the vitamin was found in the
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combined form. In tbe sample intended for direct human consumption,

only about one-sixth of the vitamin was phosphorylnted.

In table 2 are presented the results of experiments to determine the

fate of thiamine added to an aqueon.s suspension of live yeast cells.

For these experiments, the non-enriched variety of yeast was employed.

Six yeast cakes weighing 75 gm. were dispersed in 360 ml. of acetate

buffer at pH 4.5 to make a uniform suspension. This ivas then stored

at ST^C. for 6 hours with rotatory agitation every i hour. At the end

of the 6-hour period the suspeusious were centrifuged and assays con-

ducted ou the washed yeast sediment and on the pooled supernatant

Table 2

/iZisorpfion phosphoryJation of thiamine by yeast celh^ in aQneous sii8i)ension.

THIAMINE FOL'KO. rta ektihe sample

8A»IPLE
In solution In yeast *e(}iinent

Non*
phosi>h(»fyl»t*>U

Non-
phosphnrTlatrd

Phosphoryloted Total

75 gm. yeast’
12 fig. 10 Mg- 2&0 Mg’ 300 Mg-

3% 03% 9oyc

75 gm. yeast 4- 7 Mg- 30 Mg. n52Mg’ lies /ig.

1000 ngs thiamine 0.C7c 3% 977c 100%

* Sample no. 1 of table 1,

’ The weight of 6 commctcial yeast cakes is 75 gm. Uniform suspensions in 360 ml. of acetate

buffer at pH 4.5 were prepared and stored at 37*C. for 6 hours. These were stirred every ^

hour. The suspensions were centrifuged and assays conducted on the washed yeast sediment

and on the pooled supernatant phase plus washings.

phase plus the washings. These tests were repeated on another sample
of the suspended yeast cells to which had been added 1000 iig. of syn-

thetic free thiamine.

Practically all the vitamin originally in solution was found to he re-

moved by the yeast cells. Furthermore, almost all of the thiamine in

the yeast sediment was in the phosphorlylated state. This removal of

thiamine from solution and its phosphorlylation by the live yeast cell

is confirmatory of the results obtained in these laboratories on the fate

of thiamine added for enrichment of bread (Melnick and associates,
’41). It was found that during the fermentation of the dough, yeast
phospliorylated the synthetic free thiamine added for enrichment, so
that the baked bread contained the same percentage of the total thia-

mine in the phosphorylated form - as when natural combined thiamine
was used for the fortification.

* Confvrmntion that this was indeed phospljorj’latea thh-imine was obtained by testing speeifi-

caliy for cocarboxylase by the Lohmann and Schuster <'37) mannometric procedure.
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Tile present experiments on the phosphorylating ability of yeast are

of particular value since they definitely indicate that the thiamine re-

moved from solution is not merely adsorbed on the cell wall but actu-

ally passes into the cell proper. This would seem to explain in part tbe

mechanism responsible for the low availability of thiamine to buraau

subjects as reported by Parsons and associates (’42a, ’42b), Because

better availability was observed by the Wisconsin workers (Parsons

and associates, ’45) from live yeast containing high proportions of

thiamine, the in vitro tests Avere extended to studies of the enriched

yeast sample recommended for direct consumption. Prom the values

given in table 1, it was appai-ent that this yeast dilfered from the others

in that most of its thiamine was present in the free state.^ Analyses

were then conducted on the suspension of the live yeast cells before

and after the period of incubation at 37° C. Furthermore, the vitamin

in solution was partitioned into free and phosphorylated thiamine.

The results shown in table 3 demonstrate that in the supernatant so-

lution practically all the vitamin Avas present in the free state. During

the period of storage at 37° C., the proportion of thiamine retained by

the yeast sediment increased from 28 to 52%. This Avas due to a rise

in concentration of both the free and phosphorylated vitamin. When
extra thiamine was added to the suspension of liAm yeast cells no in-

crease was observed in the absolute quantity of thiamine in the yeast

sediment, either as the free or phosphorylated vitamin.

The presence of the thiamine in this yeast sample primarily as the

free vitamin, the inability of these live yeast cells to phosphorylate

thiamine to any significant extent and the large overage in thiamine

content (i.e., above that indicated on the label) suggested that at least

the claimed quantity of thiamine in the product might be available to

the human. It Avas suspected that this might represent an attempt on

the part of the manufacturer to solve the problem of the unavailability

of thiamine in the live yeast cell. These factors might explain the favor-

able results obtained by Parsons and associates ( ’45) Avhen live yeast

cells containing large quantities of thiamine Avere fed.

In vivo tests

Human availability studies Avere conducted on the yeast sample used

in the experiment summarized in table 3. Six yeast cakes (each 12.5 gni.)

Avere taken, suspended in milk, two after each meal. During the control

® The actual thiamine content of the sample as determined by chemical analysis was almost

twice as great as claimed for the product, namely, 1.92 mg. instead of 1.0 mg. per two .rcast

cahes.
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TABLE 3

In uitro absorption and phosphoryZotton of tMamine ty enriched live yeosf* in

oQveovs suspension.

THIAMXKS r o nif D. PEK ENTIRE SAMPLE

experiment
In <o)ution III yeast seditnent

Non*
phosphor-
ylated

Phosphor-
ylated

Total
Non-

phosphor-
ylatcd

Phosphor'
yJated

Total

75 gm. yeast * 4.80 mg.

83%

0.96 mg.

17%

5.76 mg.

100%.

76 gm. yeast sus-

pended in aeetnte 3.90 mg. 0.09 mg. 3.99 mg. 1.08 mg. . 0.45 mg. 1.53 mg.

buffer at pH 4.5

at 25'’C. for 2 min.
71% 2% 72% 20% s% 28%

75 gm. yeast aua-

pended in acetate

buffer at pH 4.5

2.55 mg. 0.36 mg. 2.91 mg. 2.34 mg. 0.84 mg. 3.18 mg.

and stored at

37»C. for 6 brs.

42% 6% 48% 38% 14% 53%

75 p3i. yeast + 6.76

tag. thiamine ana-

pended in acetate 7.59 mg. 0.30 rag. 7.89 mg. 2.46 mg. 0,78 mg. 3.24 mg.

bnSer at pH 4.5

and stored at

37*C. for 6 hra.

68% 3% 72% 22% 39%

* Sample no. 5 of table 1. *Six yeast calces.

TABLE 4

^oie and degree of nrinary eicretion of thiamine /oUo«5inj7 inpestion of the vitomin

in fioZution and in yeasU

(All values in milliyrowis per day.)

VHIAMtNE IK SOLUTIOK TirrAsriNE m tbast cakes

AtlCTSTOTOROt . T
thismme in fiolation i „ .

After 6 h% e yeaat caic^s

l8t24hTa. hra. 1st 24 hrs. 2nd 24 hrs.

J.C. 0.26 1.78 0.57 0.23 0.70 0.40
E.M. 0.20 1.G7 0.64 0.28 0.37 0.29
D.M. 0.20 1.56 0.55 0.25 0.44 0.25
2f.H. 0.20 1.68 0.59 0.24 0.56 0.37
H.H. 0.17 1.48 0.45 0.21 0.30 0.22

Average 0.21 1.63 0.56 0.24 0,47 0.31

’T.aken as three 1.92 mg. doses of thiamine in milk, one dose at the end of each meal-
* Containing 5.76 mg. of thiamine. Two cakes, containing 1.92 mg., were suspended in milk

and taken at the end of each meal.
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period, the same quantity of pure thiamine was taken dissolved in milk,

one-third of the dose being given after each meal. Each dose was 1.92

mg. of thiamine, the total being 5.76 mg. per subject per day. The re-

sults obtained in this study are summarized in table 4.

The basal urinary excretion values for the five test subjects were

of the same magnitude during the control and test periods. However,

the marked increases in the urinary excretion values following the tak-

ing of thiamine in solution were not observed when the test dose of

thiamine was taken as the live yeast supplement. Inasmuch as one

dose was taken after the evening meal, it was considered advisable to

collect the urine, samples for an additional 24-hour period in order to

be sure that an erroneous conclusion regarding availability would not

TABLE 5

Availability of thiamiric in yeast.

I* O R T 1 ON or TEST POSE E 3C 0 R E T E P -

SUBJECT Control period, thiamine in solution Test period, thiamine in yenst

1st 24
hours

2nd 24
hours

Total 48
hours

lBt24
hours

2nil 24
hours

Total 48
hours

% % Vo % ^0

J.C. 26.4 5.4 31.8 8.2 3.0 11.2

E.M. 25.5 7.6 33.1 1.6 0.2 1.8

D.M. 23.6 6.1 29.7 3.3 0 3.3

M.H. 25.7 6.8 32.5 0,6 2.3 7.9

H.H. 22.7 4.9 27.6 1.6 0.2 1.8

Average 24.8 6.2 30.9 4.1 1.1 5.2

Availability of thiamine in yeast
5.2= X 100 =

30.9
= 17%.

be due simply to a slower rate of absorption of the thiamine derived

from the intact yeast cells. Examination of the data indicates that the

“carry-over” effect was not responsible for the lower thiamine excre-

tion during the first 24 hours.

In table 5, the results in the preceding table are restated on a per-

centage excretion basis. The urinary values demonstrate that approxi-

mately 25% of the pure solution dose was excreted during the 24 hours

following the taking of the first supplement, and 6% more during the

second 24-hour period for a total excretion of 31%. After ingestion of

the live yeast cakes, the quantities of extra thiamine found in the urine

were exceedingly small
; 4% of the dose during the first 24 hours and

1% during the second 24 hours. Thus, the physiologically available

thiamine in live yeast is calculated to be only 17%, or 33% of that
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claimed for this particular product, despite the fact that the greater

portion of its thiamine was in the free state and that the material ex-

hibited a markedly limited capacity to phosphorylate the vitamin.

The low availability cannot be attributed to a slower rate of absorp-

tion of the thiamine from live yeast with concomitant improvement in

its utilization. If this were the case, one would expect the urinary re-

sponse following administration of a pure solution of thiamine in three

separate test doses over a period of a day to be less than that noted

when the same quantity of the vitamin was taken as a single test dose.

Such was not the case."* Furthermore, the ratio of the urinary excretion

responses after taking the thiamine in the form of live yeast as com-

pared to taking thiamine in solution during the first 24 hours, namely,

4 to 25, was exactly the same as the ratio of the carry-over values, 1 to

6%.
SUMMAEY

Bakers' yeast is capable of removing large quantities of thiamine

from solution. That this removal is not due to simple adsorption of

the thiamine on the yeast cell wall but to actual passage of the thiamine

into the cell proper, is evidenced by phosphorlylation of the vitamin.

Other preparations of live yeast on the market have limited ability to

phosphorylate thiamine. In these samples the major portion of the

thiamine is found in the free state.

Despite the facts that (a) most of the thiamine in the live yeast em-
ployed in the present human availability study was present in the free

form, (b) the yeast was practically ineffective in phosphorylating the

vitamin and (c) there was almost a 100% overage of thiamine in the

sample— all of which should favor the presence of available thiamine

at least to the extent of the content of thiamine claimed for the product
— only 17% of the total thiamine present was physiologically available,

or 33% of the claimed potency.

The low availability value for the thiamine coujd not he attributed

to a slower rate of absorption of the vitamin from live yeast.

ADDENDUM
Correspondence with Dr, Helen T. Parsons, University of Wisconsin, Madison,

confirmed the suspicion that the yeast sample used in our availability studies was
made by the same manufacturer as Her sample A-. Calculations, similar to those
used in the present studies indicate that 27% of the thiamine in her yeast sample
A- is available (see table 3, Parsons and associates, ’45). Considering that dif-
ferent test subjects were employed subsisting on basal rations which were not

I

See preriouB report <JIelnick, Hochbcrg and Oser, ’45) presenting the excretion a.sta when
thiamine was taken postprandially as a siagle 5.0 mg. teat dose.
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the same, and that ditferent batches of the yeast were used in the assays, the

values obtained by the two laboratories are considered to be in very good agree-

ment.
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Recent ^vork of Draper and Evans (’44) has shown that different

soybean oil meals may differ in protein quality as measured by the

gross value method.

Almquist, Stokstad, and Halbrook (’35) developed a chemical

method for estimating the quality of animal protein concentrates. Alm-

quist (’41) stated that he did not recommend this method for vegetable

protein concentrates since he had not investigated vegetable products.

Olsen and Palmer ( ’40) compared the chemical protein quality index of

Almquist with a biological value determined by the nitrogen retention

method with rats. Their results with a number of animal and plant

foods seem to indicate a relationship between the two methods for

natural foods.

The simple vegetable proteins have been classified by Osborne { ’24)

according to their solubilities into the albumins (soluble in water), the

globulins (insoluble in water but soluble in saline solutions), the glute-

lins (insoluble in water, saline solutions, or alcohol, but soluble in very

dilute acids and alkalies), the prolamines (soluble in relatively concen-

trated alcohol), the albuminoids, the histones, and the protamines. To
the knowledge of the authors, no attempt has been made to relate the

relative amounts of these different proteins in a concentrate to the pro-

tein nutritive value of the concentrate.

It appeared desirable to study the relation of the nutritive values of

some vegetable protein concentrates to the chemical protein quality in-

dex, and to the per cent of total nitrogen present in each of the differ-

ent protein fractions defined above. It also appeared desirable to

determine the influence of heat treatment upon the solubility of the

soybean proteins. A determination of any chemical differences existing

' Published fia Scientific Paper no. 653, College of Agriculture and Agricultural Experiment
Station, State College of V'.asbington, Pullman.
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between tbe vegetable protein concentrates having high protein nutri-

tive values and those having low protein nutritive values would be of

importance from both theoretical and practical standpoints. A rapid

method of estimating the relative quality of vegetable protein concen-

trates would also be of value.

EXPERIMENTAL

The gross protein values of ten soybean oil meals, two cottonseed

meals, and two pea meals were determined with chicks by Draper and

Evans (’44). The soybean oil meals were commercial products, ob-

tained from three different sources and were prepared by expeller

process, solvent process, or solvent process-uncooked. The method of

preparation of two of the soybean oil meals was unknow, but from

physical characteristics of the meals, they appear to have been pre-

pared by the solvent process. The cottonseed meals were commercial

products of unknown history. The pea meals were prepared by grinding

cull Alaska, and First and Best peas.

Relation of chcviical protein quality index to nutritive value

The chemical protein quality index was determined on these same

vegetable protein concentrates bj'' the procedui’e of Almquist, Stok-

stad, and Halbrook (’35). This method consists of a chemical deter-

mination of four protein fractions. The chemical protein quality index

is calculated from these results by the following formula

:

Protein quality index= A — (B-|-0.6C) +0.4 0:. Where A= pev

cent protein precipitated by copper salts (inclusive of B and C);

B= per cent protein not digested with pepsin
;
C == 2ier cent protein

soluble in hot water
;
and D= per cent protein precipitated by phos-

photungstic acid.

The values for the chemical protein quality index of the soybean oil

meals ranged from 84.8 to 89.1 (table 1). Only one of these values was

beloxv 88.0. The values for the gain in weight per gram of supple-

mentary protein consumed ranged from 3.5 to 6.6 gm. It is apparenf

that the growth method gave much larger differences than the chemical

method. A coefficient of correlation of 0.367 between the chemical

index of protein quality and the gain per gram of supplementary pro-

tein consumed was obtained for all of the soybean oil meals. A coeffici-

ent of 0.632 was required for significance.

The two pea meals gave as good gains in weight per gram of supple-

mentary protein as the expeller process soybean oil meals. The chemi-

cal protein quality indexes -were definitely loxver for the pea meals tban
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for the expeller process soybean oil meals. This was the result of the

high hot-water-solnhle protein fraction in the pea meals.

The poorest gains in weight per unit of supplementary protein were

obtained with the cottonseed meals. The protein quality indexes were

also the lowest. The low protein quality index of the cotttonseed meal

was the result of a large indigestible protein fraction.

A coefficient of correlation between gain per gram of supplementary

protein and the chemical protein quality index of + 0.815 was obtained

for all of the vegetable protein concentrates of table 1. A value of 0.661

was required to be highly significant. Leaving the three expeller process

soybean oil meals out of the calculations, a coefficient of correlation of

+ 0.916 was obtained while 0.735 was required to be highly significant.

No differences in chemical protein quality index between expeller

and solvent process soybean oil meals were observed. The solvent

process meals, however, gave a greater gain in weight per gram of sup-

plementary protein than did tiie expeller process meals (table 1).

Relaiiov of 2)rotein sohihilily lo mdritive value

The various proteins, from samples of the same vegetable protein

concentrates, were peptized and the per cent of total nitrogen in each

fraction determined by the method of Lund and Sandstrom ( ’43). The
proteins of each concentrate are divided by this method into the protein

soluble in water (albumins and part of globulin), the protein soluble

in .0% potassium chloride solution (remainder of globulins), the protein

soluble in 70% ethyl alcohol solution (prolamines), the protein soluble in

0.2% potassium hydroxide solution (glutelins), and the residual protein

fractions. They will be referred to as albumin, globulin, prolamine,

glutelin, and residual proteins respectively in the remainder of this

paper. Part of the globulins are included in the albumin fraction be-

cause of the presence of salts in the soybean oil meal.

The per cent of total protein present as albumins, globulins, pro-
lamines, and glutelins for each sample is presented in table 2. The per
cent of residual protein and the gain per unit of supplementary pro-
tein are also included in table 2. Over half of the protein of the uncooked
concentrates was in the albumin fraction. The pens contained consider-
able protein in the globulin fraction.

There was little difference between any of the cooked meals in their
contents of albumins, globulins, or prolamines. Less than 10% of the
total nitrogen was in the albumin fraction; less than 5% was in the
globulin fraction

; and less than 4% was in the prolamine fraction.
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Eight and three-tenths per cent of the total nitrogen of one sample
of cottonseed meal was in the glutelin fraction. Seventy-seven and two-

tenths per cent of the nitrogen of this same meal occurred in the residual

protein fraction. Fifty per cent of the nitrogen of one soybean oil meal
sample was in the glutelin fraction, and only 30.9% occurred in tlie

residual protein fraction. There was a highly significant correlation for

the cooked meals of -j- 0.928 between the grams gain in weight of

per gram of supplementary protein consumed and the per cent of tlie

total protein in the glutelin fraction. There was a coefficient of corre-

lation of — 0.788 between the gain per gram of supplementary protein

and the per cent residual protein in the cooked meals. A coefficient of

correlation of 0,735 was required to be highly significant.

The solvent process meals contained a higher percentage of dilute

alkali soluble protein and a lower percentage of residual lorotein tLan

the expeller process meals, (table 2).

The influence of heat treatment on the protein clistrihution

in solvent process soybean flahes

Portions of soybean oil meal sample no. 759, which was an uncooked

solvent process meal, were given different heat treatments. Portions

TABLE 3

The influence of heat treatment on the protein distribution in solvent process soybean flahes.

HEAT TREATMENT TIME HEATED ALBUMINS ‘ GLOBULINS ^ PRO-
LAMINES ^ r.LUTELTNS ^ RESIDUAh

PROTEIK ’

mill. Vo % % % <7o

None 0 75.6 5.7 3.5 6.0 9.2

Autoclaved at 121°C. 5 49.6 6.3 2.7 19.8 21.6

Autoclaved at 121°C. 15 8.8 6.4 3.4 45.8 35.9

Autoclaved at 121°C. 30 6.4 1.6 3.2 38.6 49.6

Autoclaved at 121 °C. 60 7.5 1.2 2.6 22.6 65.4

Autoclaved at 121'’C. 120 8.6 1.0 2.7 10.0 77.3

Heated dry at 121°C. 60 64.4 6.8 2.3 10.1 16.5

Cooked in boiling water 60 15.2 3.6 3.6 38.2
•

38.6

Autoclaved at llO'C. 60 6.1 2.2 3.0 44.2 43.6

' Per cent of total protein.

were autoclaved at 121° C. for 5, 15, 30, 60, and 120 minutes. One por-

tion was heated dry at 121°C., another was cooked wet by heating in a

beaker in a boiling water bath, and another was autoclaved at 110°C.

for 60 minutes. The proteins were divided into five fractions as described

under the preceding section.

The results are presented in table 3. Heating decreased the percent-

age of albumins and globulins present in the soybean oil meal. Tlie
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glutelins \vei’e first increased and then decreased by beat treatment.

The residual or insoluble protein rvas inci'eased by beat treatment. It is

apparent from the changes in solubility caused by beating, that the

glutelin and residual protein fractions were composed largely of de-

natured proteins. A slight beat denaturation produced a protein in-

soluble in water or 5% potassium cbloride, but soluble in 0.2% potas-

sium hydroxide. Further beat denaturation produced a protein that

was insoluble in 0.2% potassium hydroxide.

Dry beat was less effective than wet beat in causing a beat denatura-

tiou of the soybean proteins. Tbe amount of beat denaturation was in-

creased both by increasing tbe temperature of beating and increasing

the time of heating.

DISCUSSION

Tbe chemical protein quality index was found satisfactory as a chemi-

cal method of evaluating tbe protein nutritive values of animal protein

concentrates (Almquist, Stokstad, and Halbrook, ’35; Ataquist, '41;

Evans, Carver, and Draper, ’44). The data presented here indicate

that it may be of use in evaluating vegetable protein concentrates if

tbe products are not overcooked. Tbe three expellor process soybean

oil meals and tbe two cottonseed meals appear to have been definitely

overlooked as sbown by tbe high content of residual protein. Tbe same
relation between protein quality index and supplementary protein nutri-

tive value does not apply to tbe vegetable protein concentrates as it

does to the animal concentrates. The lowest chemical protein quality

index obtained in this experiment was 70.7 for cottonseed meal. Tbe
Alaska peas had a chemical protein quality index of about 80 and gave
a gain in weight of 4.7 gm. per gram of supplementary protein con-

sumed. Evans, Carver, and Draper (’44) obtained similar values for

the chemical pi-otein quality index of commercial herring fish meal, but

the gain in weight per gram of supplementary protein consumed was
8.3 gm. One dogfish meal having a chemical protein quality index of

only 44.5 gave a gain in weight of 5.7 gm. per gram of supplementary
protein consumed. It is therefore evident that animal protein concen-
trates cannot be compared with vegetable protein concentrates by tbe
chemical protein quality index proposed by Almquist, Stokstad, and
Halbrook (’35).

Tbe cbemical protein quality index was not a satisfactory means of
detectiirg differences in supplementary nutritive valne between different
soybean oil meals. It was first believed that tbe differences in supple-
mentary rrutrrtrvc valne of different soybean oil meals were due to dtf-



216 EGBERT, JOHN EVANS AND J. L. ST. JOHN

ferences in amino acid content of the meals. Since methionine has been

shown to he the amino acid most likely to be lacking in soybean oil meals

(Almquist, Mecchi, Kratzer, and, Gran, ’42), the sulfur distribution in

these meals was determined. No differences were observed, however,

in the cystine or methionine contents of the meals (Evans, ’45 h) or in

the per cent of organic sulfur dissolved by digestion with, pepsin

(Evans, ’45 a).

It was found in the present study that there was a considerable dif-

ference between the different soybean oil meals with regard to the per

cent of protein peptized by the different solvents. The cooked meals

contained only one-tenth as much albumin as the uncooked meals. Tbe

heat-treated soybean oil meals having the highest percentage of glutelin

gave the greatest gains in weight per unit of supplementary protein.

Those having the least glutelin gave the least gains.

The differences in supplementary nutritive values of the different

soybean oil meals appear to have been due to differences in degree of

denaturation of the soybean proteins by heat treatment. The per cent

of protein in the glutelin fraction was increased by short periods (up to

15 minutes) of autoclaving at 121° C., but was decreased by more pro-

longed heating. The curve obtained was very similar to the one pre-

sented by Bird and Burkhardt (’43) relating time of autoclaving to

chick weight at 9 weeks of age. The effect of heat on the per cent of

glutelin and the protein nutritive value is being further investigated.

How’^ heating and denaturation of the protein influences protein avail-

ability for the growing chick has yet to he determined, but is being in-

vestigated.

SUMMARY

A comparison was made between gain in weight per unit of supple-

mentary protein as determined by Draper and Evans (’44) on ten

samples of commercial soybean oil meal, two of cottonseed meal, and

two of cull peas, and the chemical protein quality index (Almquist,

Stokstad, and Halbrook, ’35). A comparison between the gain in

weight of chicks per unit of protein and the per cent protein present as

albumin, globulin, prolamine, glutelin, and residual protein was also

made.

The chemical protein quality index appeared to give good indication

of the relative protein nutritive value of the vegetable protein concen-

trates studied with the exception of the overcooked soybean oil meals.

A coefficient of correlation between the gain per .unit of supplemental-}’

protein and the chemical protein quality index of 0.946 was obtained
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for all of the concentrates studied except the three expeller process

soybean oil meals.

A high coefficient of correlation of + 0.928 between the gain per unit

of supplementary protein and the per cent glutelin was obtained for

the heat treated concentrates. A determination of the per cent glutelin

may offer a chemical means of estimating differences in the protein

nutritive value of soybean oil meals and, in combination with the per

cent residual protein, the extent of heat denaturation of the soybean

proteins.
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It was noted recently (Jukes and Oleson, ’45) that dimetbylaniino-

etbanol had a choline-like nutritional effect in i^romoting growth and

preventing perqsis in chicks on a diet deficient in choline. The present

communication reports experiments with mono- and di- methylamino-

cthanol as related to growth and the prevention of perosis in chicks.

EXPERIMENTAL

Day-old New Hampshire Red chicks were placed in electrically-heated

battery brooders and wore fed the experimental diets immediately. Ten
chicks were used in each group. The chicks were weighed weekly and

were examined for perosis at frequent intervals. Basal diet 1 had the

following composition: Glucose,* 56 parts; alcohol-extracted casein, 18;

dried yoast,^ 5; corn oil,* 5; gelatin, 5; gum arahio, 5; salt mixture

(CaCOj, 23 parts; ICHPO,, 10; KH,P04 ,
10

;
NaCl, 17; bone ash, 30;

MgSO<, 5; ferric citrate, 3.5; MnSO^AHjO, 1
;
copper carbonate, 0.1;

zinc carbonate, 0.1; Al.

(

804 ) 3 -ISH.O, El, O.S; cobalt acetate, 0.005;

nickel carbonate, 0.002) 5. The birds were dosed three times weekly
with 0.1 ml. of a solution of fat-soluble vitamins in corn oil. Bach 0.1

ml. contained vitamin A, 7000 units
;
vitamin Dj,^ 400 units ; mixed toco-

pberols (34% solution), 20 mg.; 2-methyl-l, 4 naphthoquinone, 5pg.
In the first experiment various supplements were added to the diet

as summarized in table 1. The weights of choline refer to the chloride,

of betaine to the hydrochloride and of mono- and di- methylamino-
ethanol to the free bases,* which were neutralized ndth hydrochloric
acid before adding them to the diets.

* Orelose.

Anheuser-Busch, Strain G.
’ Mazola.

* Delaterol.

* A sample of monomethylaminoethanol was kindly a^-nthesized by Dr. J. Semb, and a second
sample was furnished by the American Carbon and Carbide Company,

219
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It has been shown (Horowitz and Beadle, ’44) that mutant no. 34486

of Nenrospora crassa is unable to grow in a purified culture medram,

but will grow if a few micrograms of choline are added. These workers

also observed that mutant no. 34486 is unable to use betaine or amino-

ethanol as substitutes for choline and that methionine has very little

effect. Recently it has been found (Jukes, Dornbush and Oleson, ’45)

that the growth-stimulating power of betaine, aminoethanol and meth-

ionine for this mutant was not incu,eased by using combinations of

aminoethanol and betaine, or aminoethanol and methionine. It may he

postulated that mutant no. 34486 has lost the ability, which the wild

strain of Nenrospora crassa may be presumed to possess, to methylate

aminoethanol.

It has also been observed that the chick (Jukes and Oleson, ’45), like

mutant no. 34486, can utilize dimethylaminoethanol in place of choline

(Jukes and Dornbush, ’45). These various observations lead to the

postulation that dimethylaminoethanol represents an intermediate step

in the formation of choline by the “methylation” of aminoethanol.

The results in table 1 indicate that monomethylaminoethanol is uti-

lized by the chick similarly to dimethylaminoethanol but less efficiently,

as though monomethylaminoethanol \vere possibly a precursor of di-

methylaminoethanol. A preceding step may be the formation of mono-

methylaminoethanol from aminoethanol and a “methyl donator”. This

step is apparently not accomplished by the chick as -judged by the in-

effectiveness of a supplement of methionine plus aminoethanol (Jukes,

’41).

A response differing from those observed with the rat and the chick

has been reported for a strain of Type III pneumococcus (Badger, ’44).

This organism can utilize ethanolamine, which it appears to be unable

to synthesize, in place of choline in a basal medium containing meth-

ionine. A large number of substituted ethanolamines were also active,

SUMMARY

1. Monomethylaminoethanol and dimethylaminoethanol were found

to prevent perosis in chicks when added to a purified diet which was

deficient in choline. Growth was promoted by dimethylaminoethanol

but not by monomethylaminoethanol.

2. The addition of methionine to the diet did not stimulate growth

but growth was increased when methionine was added to the basal diet

plus monomethylaminoethanol or to the basal diet plus dimethylamino-

ethanol.
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3. Bspei'iments were also made with a basal diet deficient in both

methionine and choline. Growth was not stimulated by dimethylamino-

etbanol unless methionine was also added. Chicks receiving the basal

diet did not develop perosis, but perosis developed in chicks receiving

the basal diet plus methionine.

4. These observations are compared with certain results which have

been reported in experiments with the rat and with the “oholineless”

mutant no. 34486 of Neurospora crassa.
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Certain food products may contain appreciable quantities of both

ascorbic acid and copper. The best example is liver, reported to contain

approximately 35 mg. of the vitamin and 2 mg. of copper per 100 gm.

(IVaisman and Elvebjem, ’41). There are also pharmaceutical prepar-

ations that offer mixtures of vitamins and minerals including ascorbic

acid and copper. A necessary precaution in assaying such products is to

minimize the period of contact between the copper and ascorbic acid

during the extraction of the material. The incompatahility of copper

and ascorbic acid in the presence of oxygen is well recognized. This

raises the question of what happens in the digestive tract when pro-

longed contact between the vitamin and copper occurs.

Stotz, Harrer, Scbultze and King (’38) reported that ascorbic acid

oxidase preparations have no move catalytic activity than a solution of

non-specific protein containing an equivalent amount of copper. A mix-

ture of egg albumen and traces of copper was shown by these investiga-

tors to simulate all the observed properties of their ascorbic acid oxi-

dase preparation. Some doubt is cast on this interpretation by the

thermolability and optical specificity of ascorbic acid oxidase, proper-

ties which strongly suggest a specific protein as the catalyst. Never-

theless, there are indications in the literature (Eamasarma and asso-

ciates, ’40
;
Lovett-Janison and Nelson, ’40) that this enzyme may be a

copper-protein complex.

Mapson ( ’41) has employed the catalytic action of copper (approxi-

mately 4 ag. per milliliter) on the oxidation of ascorbic acid (100 ag. per
milliliter) in relatively pure sy^stems for evaluating the influence of

various agents on stabilizing the vitamin. In the absence of a stabilizer,

destruction occurred in solutions when the copper concentration ex-

‘ Some of the results in this paper were presented in summary before the Division of Bio-
logic.al Clicmiatry at the 108th meeting of the American Glieimc.al Society, New York, N. Y.
The expenses of these studies were defrayed by a grant from Lever Brothers Company, Cam-
bridge, Mass.
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ceeded 0.0015 pg. per milliliter. This small amount of copper was rarely

obtainable unless special precautions were talcen to eliminate copper

as a contaminant of the reagents employed. No attempts were made

by Slapson to measure dehydroascorbic acid since the latter was re-

garded as an oxidation product. However, from the practical stand-

point, such data would have been important, since dehydroascorbic acid

is biologically active. Fortunately, an earlier investigation by Barroa

and associates (’36) included such measurements. When the eatalyti

oxidation of ascorbic acid due to the presence of copper was performet

in acid solutions (pH 5.0 or less), the oxidized form could be com--

pletely reduced to ascorbic acid by hydrogen sulfide, indicating it to be

dehydroascoi'bic acid. Above pH 5.0 the amount of ascorbic acid recov-

ered gradually decreased, until at pH 7.6 only 4% of the oxidized form

could be reconverted to reduced ascorbic acid, the oxidation having gon

beyond the dehydro stage.

In the present study of the influence of concomitant ingestion of coj

per on the availability of ascorbic acid in man, the photometric metho

of Hochberg, Melnick and Oser (’43) was employed for the determin!

tion of both the reduced and dehydro forms of the vitamin. The basal di(

and test subjects were the same as those previously employed (Melnicl

Hochberg and Oser, ’45).

EXPERIMENTAL PART

In the preliminary in vitro studies measurements were made of hot

reduced and dehydroascorbic acid. However, in the case of the urh

samples obtained from the test subjects, only total ascorbic acid wa

determined. In a previous investigation (Hochberg, Melnick and Ose:

’45) dealing with the influence of dietary ascorbic acid oxidase on tl

availability of the vitamin, the urinary figures were partitioned ini

reduced and dehydroascorbic acid. No differences were observed i

the ratio of one to the other during control and test periods despite th

demonstrated effectiveness of the oxidase in converting reduced t

dehydroascorbic acid prior to absorption. These findings and thos

reported by Johnson and Zilva ( ’34) indicated that nothing was to b

gained by partitioning urinary ascorbic acid. The latter investigator;

found no difference in the form and amount of ascorbic acid excreted ij

the urine following test doses of reduced or dehydroascorbic acid, blor

recently Berryman and associates (’44) concluded that, although ai

proximately 18% of the total ascorbic acid excreted following dosag

with the reduced form of the vitamin is dehydroascorbic acid, this fra^

tion remains relatively constant so that the measurement of eifla
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reduced or total ascorbic acid is satisfactory in short (6-liour) ex-

periments dealing ivith test dose responses. In the present studies,

involving analyses of 24-hour urine samples during the collection of

which opportunities exist for the partial and variable conversion of

reduced into dehydroascoi'bio acid (Hochberg, Melnick and Oser, ’43),

it was considered advisable to measure total rather than only reduced

ascorbic acid.
TABDE 1

In vitro tests of the incompatability of copper and ascorhic acid tTi the basal diet' hefore and

after 'heat inactivation of the enci/mes

EXTERlSfENT ASCORBIC ACro TOV>T> IS UIET

No Condition* Reduced Dehydro Totnl

I Blanched,* homogenized basal diet 101

mg

13

mg
114

rr I incubated G hrs. at ST^C. 65 27 92

III 1 + 7 mg. copper,* incubated G lira, at S7*C. 34 38 72

IV 1 + 200 mg. of ascorbic acid, incubated 6 hrs. at 37®C. 240 39 279

V 1 + 200 mg. of ascorbic acid + 7 mg. copper/

incubated 6 hrs. at 37*0. 230 34 264

vr Unblanched, homogenized basal diet 0 112 112

vir vr incubated 6 hrs. at 37*0. 1 44 45
VIII VI + 7 mg. copper/ incubated 6 hrs. at 37*0. 1 35 36

IX VI + 200 mg. of ascorbic acid, incubated 6 hrs. at 37*0. 123 78 20G
X VT + 200 mg. of ascorbic acid + 7 mg. copper/

incubated 0 hrs. at 37*0, 134 64 195

' G.5 mg. of copper were found to be naturally present in the diet.

»The Iiomogenized mixtures were incubated at their natural pH 5.5 in open beakers and
stirred every half hour.

*Tlie solid items in the ration were subdivided into small particles (about 1 cu. in.) and
dropped immediately into boiling milk (previously deaerated) under an atmosphere of nitro-
gen. The boiling was continued for 20 minutes. The mixture was then cooled in an ice bath
and homogenized under nitrogen.

* Copper sulfate was used.

In vitro tests

In table 1 are presented tbe results of in vitro experiments on the
incompatability of copper and ascorbic acid. Two series of tests were
conducted, both on the iiomogenized basal diet.' For one series, the
foods ' were first blanched in order to inactivate all enzjTnes present

;

' The ration incluaeil bread, butter, eteali, milk, eggs, sugar, orange, banana, apple, lettuce,
tomato and cooked carrots, beets and potatoes.
The solid items in the ration were subdividea in small particles (about I cu. in.) and

dropped immediately into boiling milk prcvionsly deaerated by a stre-ani of nitrogen. The boil-
ing Kascontimicd for 20 minutes. The mixture was then cooled in an ice bath and horoo-
genired m a Waring Blender under nitrogen. In the case ot the nnblanchcd diet, the homogeni-
zation Was carried out under air.
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ceeded 0.0015 ng. i^er milliliter. This small amount of copper wall',

obtainable unless special precautions were taken to eliminate
,

as a contaminant of the reagents employed. No attempts were!

by Mapson to measure debydroascorbic acid since the latter u’;

garded as an oxidation product. However, from the practical si

point, such data would have been important, since debydroascorbic ;

is biologically active. Fortunately, an earlier investigation by Bari

and associates (’36) included such measurements. When the catalyi

oxidation of ascorbic acid due to the presence of copper was performc

in acid solutions (pH 5.0 or less), the oxidized form could be com-

pletely reduced to ascorbic acid by hydrogen sulfide, indicating it to be

debydroascorbic acid. Above pH 5.0 the amount of ascorbic acid recov-

ered gradually decreased, until at pH 7.6 only 4% of the oxidized form

could be reconverted to reduced ascorbic acid, the oxidation having gone

beyond the debydi’o stage.

In the present study of the influence of concomitant ingestion of cop-

per on the availability of ascorbic acid in man, the photometric method

of Hochberg, Melnick and Oser (’43) was employed for the determina-

tion of both the reduced and debydro forms of the vitamin. The basal diet

and test subjects were the same as those previously employed (Melnick,

Hochberg and Oser, ’45).

EXPERIMENTAL PART

In the prelimmary in vitro studies measurements were made of both

reduced and debydroascorbic acid. However, in the case of the urine

samples obtained from the test subjects, only total ascorbic acid was

determined. In a previous investigation (Hochberg, Melnick and Oser,

’45) dealing with the influence of dietary ascorbic acid oxidase on the

availability of the vitamin, the urinary figures were partitioned into

reduced and debydroascorbic acid. No differences were observed in

the ratio of one to the other during control and test periods despite the

demonstrated effectiveness of the oxidase in converting reduced to

debydroascorbic acid prior to absorption. These findings and those

reported by Johnson and Zilva (’34) mdicated that nothing was to be

gained by partitioning urinary ascorbic acid. The latter investigators

found no difference in the form and amount of ascorbic acid excreted in

the urine following test doses of reduced or debydroascorbic acid. Jlore

recently Berryman and associates (’44) concluded that, although ap-

proximately 18% of the total ascorbic acid excreted follmving dosage

with the reduced form of the vitamin is debydroascorbic acid, this frac-

tion remains relatively constant so that the measurement of eitlier
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acid slioiild have occurred when additional quantities of copper were

added to the unblanched homogenized dietary mixture containing ap-

preciable amounts of native protein. This was not noted.

In the present series of experiments the dietary mash contained ap-

proximately 2.6 (ig. of copper per milliliter. The addition of the 7 mg.

of extra copper to the whole day’s ration increased the copper concen-

tration to approximately 5.4 pg. of copper per milliliter. Despite the

fact that this concentration is greater than the 4.0 pg. of copper per

milliliter, employed by Mapson (’41) in his experiments dealing with

factors affecting the stability of ascorbic acid in pure systems, much

smaller losses of ascorbic acid were observed. It is to be noted that

Mapson kept the test solutions at 100°C. though for a period only one-

twelfth of that employed in the present investigation. It may very

well be that in the pure systems employed by !Mapson much greater

destruction of the vitamin occurred primarily because of the absence

of natural protective agents. It is known that in natural extracts there

are present various substances, such as glutathione and other sulfhydryl

compounds, which are capable of protecting the vitamin by their pre-

ferential oxidation. Such factors were undoubtedly operative in the

present study.

In f/i'o test

The physiological availability study involved measurements of the

extra urinary excretion of ascorbic acid by human subjects receiving

a constant basal diet and taking a 200-mg. test dose of extra ascorbic

acid in pure solution, at one period alone, and tbe other followed by a

solution of copper sulfate. The amount of copper in the test dose was
7.0 mg. The ratio of added ascorbic acid to added copper in both the in

vitro and in vivo tests (200: 7) is the same as the ratio, but about seven

times the amount, of the minimum daily requirements for these factors.

The results of the availability studies are summarized in table 2.

These indicate that no destruction of ascorbic acid occurred in the

digestive system as the result of taking copiior along with the vitamin

in the doses indicated. These re.sults were in good agreement with the

data obtained in the in vitro test. It may be emphasized that these

studies relate to the effect of copper ingestion on the fate of extra

dietary ascorbic acid; wbether prolonged ingestion of copper would
depress the basal excretion (i.e., of vitamin from the diet itself)

remains to be demonstrated.
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TABI,E 2

Availalilitii of ascorbic acid in ipresen’ce of copper.

(Ail values in mUligrams per 24 hours.)

CONTROL OEniOD ; NO COPPEH, TEST PERIOD : 7.0 MO. COPPER
200 MG. ASCORBIC ACID 200 MG. ASCOEBtO ACID

SUBJECT
Basnl

excretion
After test

dose

Per cent of
test dose
excreted

Basal
excretion

After test
dose

Per cent of

test dose

excret^

183 63 23 54

159 59 17 130 57

131 42 50 50

70 162 46 24 152 64

Average 54 159 53 29 141 56

Availability of ascorbic acid in presence of added copper ^= 100 = 106%.
o3

STOIMAET

The addition of 7 mg. of copper to a homogenized mixture of a

day’s ration and incubation of this mixture for a period of, 6 hours af

37°C. resulted in a small hut real destruction of the ascoi'bie acid pres-

ent. Since no more vitamin was destroyed in the presence of added

ascorbic acid (200 mg.); this destruction is regarded as absolute. TLe

factor primarily responsible for the marked loss of ascorbic acid in a

homogenized dietary mixture is ascorbic acid oxidase. The addition of

extra copper to such a mash (unblanched) failed to produce markedlt

gi’eater destruction of vitamin C. This would seem to indicate that

. ascorbic acid oxidase is a specific enzyme and not simply a loose com-

plex of copper with protein of unspecific nature. Human availability

studies have indicated that in the digestive tract ascorbic acid and cop-

per in the quantities taken, 200 mg. and 7 mg., respectively, are nof

incompatible.
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The ingestion of various adsorbents for one tlierapeiitic reason or

another is not an uncommon practice. However, some of these sub-

stances have the capacity to adsorb the B-vitamiiis and indeed have

been employed for the concentration and isolation of these vitamins

from natural sources.

Prior to the synthesis of thiamine, the International Standard for

vitamin B, was a fuller’s earth adsorbate of an extract of rice polish.

This particular preparation was subsequently shown by Kevesztesy

and Sampson ( ’37) to be unsatisfactory as a reference standard. In rat

curative tests they found that a quinine sulfate oluate of the clay was

fully twice as effective as the direct feeding of the adsorbate to the ani-

mal. Apparently the adsorbate contained twice as much thiamine as

indicated b}' the standard assay, but the animal organism could elute

only one-half. Despite those findings some ijharmaeeutieal preparations

still include fuller’s earth adsorbates of the B vitamins.

In 1940 Robinson, Meluick and Field reported that almost without

exception patients with peptic ulcers receiving antacid medication ex-

creted very small amounts of thiamine in the urine before and after

the taking of a test dose of the vitamin. It was subsequently demon-
strated (Melnick, Robinson and Field, ’41) by in vitro and in vivo ex-

periments that the antacid medication and not the thiamine content of

the diet was at fault. The creation of an alkaline reaction in the gastro-

intestinal tract favored greater destruction of thiamine, while adsorb-
ents, particularly magnesium trisilicate, caused a loss of thiamine to

the organism by rendering the vitamin unavailable for absorption.

Adsorbents have been recommended for the treatment of certain in-

testinal disorders. Kaolin has long been employed for the control of

’ Some of tlie rcsillta in tliig paper were presented in summary before the Division of Bio-
logical Clienilstry at the lOStli Meeting of the American Cliomical Society, New York, N. Y.
The expenses of this study were defrayed liy a grant fiom Lever Brothers Company, Cambridge,
Mass.
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snle, containing fuller’s eartli; and (b) a pharmaceutical preparation,

of pure kaolin recommended for the conh'ol of diarrhea. The adsorb-

ents were the same as those employed in the in vitro tests described

above. Each assay involved comparison of the extra urinary excretion

of thiamine by the test subjects receiving a uniform, adequate basal

diet and taking a test dose (5.0 mg.) of thiamine during the control

period, as a pure solution alone; during the test period, along -with the

adsorbent.

The results of the availability study in which five of the vitamin cap-

sules were taken postprandially by each of the test subjects are pre-

sented in table 2. Each vitamin capsule contained 1000 ug. of thiamine

TABLE 1

Jn I’itro adsorption of thiamine from pure aqueous solutions.'

AOSOBDENT QUAKTITY THTA^lmC ADSORtlED

fftn.

0.25 90

Fuller’s earth 0.50 100

2.00 100

0.5 54

Kaolin 1.0 73

100.0 100

* In each experiment tiic adsorbent was added to an acetntc-buffered (pH 4.5) solution con-

taining 5 mg. of thiamine. Contact between vitamin and adsorbent was at 37*C. for a period

of 6 hours. Tho total volume was 30 ml. in evetj' case except in the last instance whore the

100 gm. of haolin were added to 1500 ml. of solution.

TABLE 2

idvoilohiliti/ to nan of thiamiTie tn JB-complex capsule containing fuller^s earth.

BUnJZCT

CONVnon PERIOD • DUBE 80I.VT10N
DOSE. 5 0 MO. TKIAMINE

TBST PERIOD; 5 CAPSULE 1

5 0 MO. THIAMINE
no&E,

Basal
excretion

After test
dose

Test dose
excreted

Basal
excretion

After test
dose

Test dose
excreted

mg./2 4 Aoure mg./Si Aours %
J.C. 0.20 1.05 18 0.24 0.41 3
E.^r. 0.23 1.00 15 0.27 1.08 16
r».M. 0.30 1.35 21 0.29 0.5S 6

0.26 1.50 25 0.21 0.59 8
H.n. 0.25 1.39 23 0.23 0.48 5

Average *
0.25 1.33 22 0.24 0.52 6

Availability of thiamine in capsules =«
6

--- XlOO 11

‘ Each containing 333 tag. of fuller’s earth ns a riboflavin adsorbate.
* Omitting subject E.M,
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and 500 of riboflavin, the latter adsorbed to 333 mg. of fuller ’.s earth,-

However, the available thiamine content of these capsules was found io

be only 27% of the total, as indicated by the four subjects showing

diminished excretion of the test dose.®

It is of interest to note that one subject was able to elute the thiamine

completely from the fuller’s earth adsorbate. The test was repeated

with this individual and essentially the same results were obtained.

This variability in the responses of the human subjects finds its counter-

part in the variability in the responses of rats in the old biological

assay procedure when the International Standard was employed as tlie

reference material.
.

In order to ascertain whether the apparent low availability of thia-

mine was due simply to a slow rate of absorption of the vitamin, evi-

denced by a delay in its excretion, analyses were conducted on the urine

samples collected during the second 24-hour period following dosage,

The “carry-over” values for each period were found to be small, in

each case about one-sixth of the extra urinary excretion figures for the

first 24 hours following dosage. Since these carry-over values bore the

same relationship to each other as the figures for the first 24-hour sam-

ples, delayed absorption could not have been responsible for the lo^v

thiamine availability.'*

A similar study was conducted to determine the influence of' the con-

comitant ingestion of kaolin on the availability of thiamine. In the con-

trol of diarrhea it is the practice to give kaolin in doses of from 50 to

'

100 gm. at 3-hour intervals (Goodman and Gilman, ’41). Smaller doses

of 5 to 10 gm. are frequently taken daily over long periods of time to

’ Thus, the thiamine was incorporated in the mix prior to encapsul.ation as the free crystalliw

material. However, during the disintegration of the tablet in vivo adsorption of the thiainirs

undoubtedly occurs due to the favorable pH of the gastric contents. Indeed, even when tM*

product was assa3’ed chemically, interference in the extraction of the thiamine was encountered

A value of 688 Mg- of thiamine per capsule was obtained bj' the standard thiochrome procedure

(H. S. Pharmacopoeia XII, ’d2). Only after exhaustive strong acid (2N HCl) extraction coa!!

the claimed quantitj- of thiamine (1000 Mg.) be found present. This led to the suspicion fW

the vitamin in this capsule w'ould only be partlj- available to man.

’ Similar studies indicated that only 79% of the riboflavin present in these capsules vs*

available. In vitro tests also indicated that the riboflavin could be more easilj’ extracted fro®

the adsorbent than thiamine.

* In other related studies conducted in these laboratories analyses were conducted on ftf

urine samples collected during the second as well as the first 24-hour period following dosage.

In no case did the carry-over values (second 24-hour excretions) alter the interpretation

the data based solely on the figures obtained for the first 24-hour s.amples. If vitamin ateorp'

tion from the gastrointestinal tract is to'be adequate, it should occur well within the first -t

hours after dosage; otherwise the vitamins are excreted in the stools and thereby lost to

organism.
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regulate boivel action. In the iireseiit study a single dose of 100 gni. of

kaolin in aqueous suspension was taken postpraiiclially by each subieot.

The test dose of thiamine followed immediately after the kaolin sus-

pension had been taken. The thiamine was dissolved in milk rather

than in water as had been customary. This was intended to provide a

longer period of contact in the stomach between the kaolin and the thia-

mine, thereby favoring adsorption of a greater portion of the dose.

Furthermore, the design of the present experiment more nearly dupli-

cated conditions in practice with respect to the action of the adsorbent

on dietarj’ thiamine.

TAnCE 3

f>/ fhiomine in pir^nirr of fcnorin.

SUBJl-CT

CONTIIOI. I'ERIOD- PURE SOLUTION
no'sE. 5 0 tiiiakike ’

TEST
POLI.f

PEniOD 100 (IM. KAOLIN
)WEI) nv 5 0 MO TUUXIISE

IN 80LUTIO.N

Basal
^rcretion

After teat

(lose

Trst dosp
pxcretrd

Uaaat
'Ycretion

After test

doae
Test dose
excreted

wfl /84 honm % mp./24 hfiur* %
J.C. 0.20 1.43 25 0.20 1.56 27

E.M. 0.23 0.89 13 0.24 1.48 25

D.M. 0.30 1.13 17 0.29 1.40 22

M.H. 0.26 1.17 18 0.23 1.58 27

H.H. 0.24 1.20 19 0.26 1.23 19

Average 0.25 1.17 18 0.24 1.45 24

Availability of tbinmiiie in1 presence
24

of kaolin = — X 100 =»
18

133%.

' Thiamine taken tiissolTCtl in milk.

The results of the urinary excretion tests following dosage with kaolin

and extra thiamine are presented in table 3. These indicate that kaolin,

unlike fuller’s earth, does not diminish the availability of thiamine.

The percentage excretion of the test dose following the taking of the

vitamin along with kaolin ivas not less than that noted when tlio pure
solution of thiamine was taken alone. In vitro tests (see table 1) have
indicated that kaolin adsorbs the vitamin quite readily and the pH of
the gastric contents is optimal for this adsorption. Apparently, at the
more alkaline pH of the small intestine, the thiamine is effectively

eluted from the kaolin adsorbate. The greatcr-than theoretical avail-

ability of the vitamin, noted in three of the five subjects, is real and not
due to experimental error. In some experiments which have been re-
ported (Oser, ktelniek and Hochberg, -’lo) and in others which are in
progress in our laboratories, it has become evident that thiamine shows
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a variable degree of stability in the gastrointestinal tract prior to ab-

sorption and that the vitamin may be protected by the concomitant in-

gestion of various materials.

SUMMAEY CONCLUSIONS

Certain substances, capable of adsorbing the B vitamins, are taken

regularly and in appreciable quantities over long periods of time for

the treatment of various elinieal disorders. Human availability studies

have been conducted to determine the influence of the concomitant in-

gestion of two such adsorbents, fuller’s earth and kaolin, on the avail-

ability of thiamine. These materials were shown to adsorb the vitamin

very readily from aqueous solution. Whereas the availability of thia-

mine was markedly reduced by the fuller’s earth, no interference oc-

curred when kaolin was taken along with thiamine. Indeed, the latter

adsorbent appeared to protect the vitamin during its passage through

the gastrointestinal tract so that a greater-than-theoretical value for

available thiamine was obtained. In vitro tests have not proved satis-

factory for predicting the influence of an adsorbent on vitamin 'avail-

ability, The present experiments cast doubt upon the wisdom of taking

continuous large doses of adsorbing agents, unless precautions are taken

to insure sufficient vitamin intake.
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We have previously reported that commercial soybean lecithin con-

tains an unknown factor which influences carotene and vitamin A utili-

zation in the rat (Slanetz and Scharf, ’43). As pointed out in this re-

port, our diet differed from that of other investigators insofar as we
substituted the synthetic members of the B comples for yeast as a

supply of the B vitamins knorvn to be essential for normal growth in the

rat.

Patrick and iliorgan (’43) confirmed our findings in the chick and

also demonstrated that the unknown factor may be extracted from yeast

b}' suitable solvents. Earlier, Polskin ( ’40) had reported about the ef-

fect of lecithin on the utilization of vitamin A in the chick and found

better growth response and an increased liver storage of vitamin A
when lecithin was added to the diet. No difference in total liver lipids

could be noted between the controls and the lecithin-treated animals.

Adlersberg and Sobotka (’43) reported elevated vitamin A blood

I
levels in man after ingestion of soybean lecithin.

Jensen, Hickman and Harris (’43), however, questioned our findings

because our soybean lecithin preparation contained vitamin E and they

referred the observed effect to the presence of this vitamin. However,
a the diet in their experiment contained 8% yeast and, therefore, their ex-

perimental conditions were not comparable to ours.

In a recent report (Scharf and Slanetz, ’44) we proved that vitamin

5 E is not the factor responsible for our observations and while this

t report was in the printer’s hands Patrick and Morgan (’44) published
their experiments which also proved that vitamin E was not responsible

I for the reported action of soybean lecithin. As a matter of fact, Pat-
rick and Morgan as well as we, found indications of vitamin E deficiency

* in the animals in spite of sufficient amounts of vitamin E in the diet.

239
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In our previous report (Slanetz and Scharf, ’43) Ave had mentioned

the well knoAvn relation between soybean cephalin, contained in our

commercial soybean lecithin, and vitamin E concerning its antioxidauf

effectiveness. Patrick and Alorgan (’44) also seemed to be inclined to

explain the observed effects as the stabilizing influence of soybean

cephalin on vitamin E and indirectly on vitamin A.

Since our previous work (Slanetz and Scharf, ’43) indicated that

soybean lecithin influences utilization of vitamin A Avlien borderline

amounts of vitamin A ar-e fed to rats, Ave felt it advisable to study tbe

etfect of soya lecithin on vitamin A utilization AA^hen larger amounts of

vitamin A are fed and its effect on storage of vitamin A in the Hati',

In this report we present our findings on the above as Avell as the re-

sults of our stud}’’ on the influence of heating, halogenation, and other

factors on the unknoAA’-n factor in soybean lecithin.

EXPERIMENTAL

Female albino rats, Sherman strain, from our laboratory colony,

Aveighing 90-110 gm, at the start of the experiment Avere kept in indivi-

dual metal cages equipped Avith screen- floors. The rats were weighed

AA’eekly. Food consumption was determined at intervals. The iiercentage

composition of the basal diet AA-as as folloAvs : \'itamin-free casein (Labco)

20; cerelose 72; Sure’s no. 1 salts 4; corn oil 2; Avheat germ oil 2; vio-

sterol 0.002. The diet Avas supplemented AAdth thiamine 2 mg., riboflaA'i!i

4 mg., pyridoxine 4 mg., nicotinic acid 100 mg., vitamin K 4 mg., inositol

1000 rag. and para-arainobenzoic acid 300 mg., per kilogram of diet

Synthetic calcium pantothenate (100 ug.) lA-as given orally daily. Eacl!

rat Avas given orally 30 gg. of carotene daily. The purified diets and niix-

tures Avere freshly prepared every 2 Aveeks and stored at 4°C.

Forty-eight rats were distributed equally among eight groups and tlie

groups fed as folloAVs: basal diet only; and basal diet supplemented

daily, respectively, Avith 3 mg. choline, 1% soybean lecithin, 1% heated

soybean lecithin, 5% cholesterol, 1% iodized lecithin, 3% iodized lecithin,

and 0.3% iodine in the form of potassium iodide. After 10 and 12 Aveeb

on the diet several rats from each group Avere sacrificed and vitamin i

determinations made on the blood and liver.

DISCUSSION

Commercial soybean lecithin is an extract of soybean lipids and con-

tains about 30-35% soybean oil and about 65% soya phosphatide^'

There are also present small amounts of carbohydrates, phytosterobj

and traces of other as yet unidentified substances. The soya phosphn-
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tides comprise soya lecitliin, soya ceplialin, and lipositol (inositol phos-

phatides) 'wliicli are present in approximately equal amounts. Separa-

tion and purification of tlie various phospliatides and substances

present in soybean lecithin has as yet not been successful and even the

most purified fractions have been found to be contaminated to the

extent of 10-20% rvith other substances. Commercial soybean lecitbin

WEIGHT
GAIN

Fig. 1 Influence of laiioua tlietarv f,ui»plcmonts on the growth of rats. Group 1 was fed

the basal diet only. The other groups received the basal diet supplemented as follows: group 2,

3 mg. choline daily; gioup 3, 1% soybean lecithin; group 4, heated soybean lecithin^

gioup 5, 5% cliolestcrol; group G, 1% iodized lecithin; group 7, 3% iodized lecithin; group

8, 0.3% iodine in the form of potassium iodide.

Fig. 2 Influence of soybean pliosphatidcs, ether-extracted yeast and tocopherol oii weight

response of rats.

is devoid of vitamin A but does contain about 1.2-1.4 mg. vitamin E
per gram as we have reported before (Scharf and Slanetz, ’44). We,
as well as Patrick and Morgan, have proved that the vitamin E content

of the soybean lecithin used is not responsible for the observed effects

(fig. 2). Therefore, the presence of an unknown factor in commercial
soj'bean lecitbin that affects vitamin A storage in the liver is indicated

by our findings.

Figure 1 shows tliat rats receiving an ample supply of vitamin A
do not show any marked difference in growth response whether given
soybean lecitliin or not. However, there was a marked increase of vita-

min A in the blood as well as a very striking elevation of the liver

vitamin A when tlio commercial lecitbin was fed (table 1). Figure 1

also shows that addition of choline did not influence rate of growth.
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The presence or absence of choline in our diet did not seem to in-

tiuence either blood or liver vitamin A, nor did cholesterol. No gross

pathology was observed in the livers, indicating a sufficient supply of tlie

lipotropic factors, choline and inositol, in our diet.

Pati’ick and Morgan (’43) reported that a deficiency of the unkno\’,Ti

factor could be developed in chicks receiving yeast extracted by fat

solvents as a source of the vitamin B complex. Bats receiving sueli

extracted yeast and a diet as described by us in the same report shoved

also deficiency symptoms, though to a somewhat lesser degi-ee than the

controls.
TABLE 1

Vitamin A in blood plasma and liver of rats fed various diets.

GROUP
V 1 T A M I N A

SO. Blood plasToa Liver

I.U./IOO ml I.U,/t00 !jm.

1 Basal diet only

Basal diet supplemented by

:

93 20

2 Choline daily (3 mg.) 88 20

3 1% soybean lecithin 150 350

4 1% soybean lecithin heated 120 200

5 5% cholesterol 99 20

6 1% iodized lecithin 57 20

7 3% iodized lecithin 27 20

8 0.3% iodine (KI) 111 30

' As it is knoAvn that heating lecithin to higher temperatures or bale-

genation of lecithin does not interfere with its antioxidant effect in

vitro, iodized soybean lecithin as well as soybean lecithin ^ heated to

110°C. for 1 hour was fed to the rats. The results show that the heating

of the soybean lecithin did not destroy its effectiveness but diminislied

it. On a diet as described in our previous experiment (Scharf and

Slanetz, ’44) heated lecithin showed a lesser effect on growth than wv

heated lecithin.

The incorporation of 10% iodine in soybean lecithin- apparent^

destroyed the effectiveness of the unknown factor. However, the rats

receiving iodine in form of iodized lecithin or potassium-iodide also

showed impaired growth. These results require further investigation.

The results described above do not indicate that the reported effect

is identical with the antioxidant effect of soybean cephalin on vitamin

'We are indebted to t])e American Lecithin Company for supply of commercial soybcJ*

lecithin.
_

_

'We are indebted to Dr. P. L. Julian and Mr. H. Iveson of the Glidden Co., Chicago,

for the iodized lecithin
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E. Polskiii ( ’40) observed that chicks receiving lecithin and vitamin A
and having an elevated vitamin A content of the liver lose much less of

their vitamin A reserve in a given time when put on a vitamin A deficient

diet than those that receive no lecithin. This, likewise, is hard to ex-

plain as an antio.xidant effect. Further experiments may determine

whether the observed effect is due to the antioxidant action of eephalin

or whether an unknown nutritional factor plays a role.

SIIMM.AET

Liver storage and blood levels of vitamin A in the rat have been

investigated as influenced by specific factors used as supplements in a

purified basal diet containing synthetic B vitamins instead of yeast.

Under the conditions of our experiment commercial soybean lecithin

markedly influenced storage and blood levels of vitamin A in the rat.

Iodine interfered with this effect while heating of soybean lecithin in-

terfered but little. The presence of an unknown factor in commercial soy-

bean lecithin is indicated.
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Distillers’ dried solubles bas recently assumed importance as an

ingredient in commercial feeds for poultry and farm animals. Altbougb

distillers’ solubles rvas a waste product prior to 1939, tbe production of

dried solubles has increased rapidly during recent years. This product

has been shown to be a valuable vitamin supplement (Bauernfeind et

ah, ’44)
;
Boruff et ah, ’40; Synold et ah, ’43). Because of its high pro-

tein content it also comes into consideration as a protein supplement.

However, its value as a protein supplement has not received extensive

study. Sloan ( ’41) found that it could be used satisfactorily to supply

approximately 12% of the total protein in poultry rations. Bauernfeind

et ah (’44) suggest its use as a supplement to soybean meal since it

contains 2.7% methionine. Joseph et ah ('42, ’43) reported that the

amino acid composition of dried solubles resembled that of yeast and

found that both the protein content and palatability could be improved

by growing yeast in the stillage. Tbe nutritive value of yeast has been

reviewed by Carter and Phillips ( ’44).

In the present investigation the nutritive value of distillers’ dried

solubles is evaluated by biological and chemical means.

E.VPERI.MEXTAL

The dried solubles used in this study was derived from a mash con-

taining 51% corn, 42.5%> wheat, and 6.5% barley malt. The thin sillage

was concentrated in multiple-effect evaporators under reduced pressures
at temperatures ranging from 130° to 230° P. to a thick syrup of approxi-
mately 30% solids and then dried on drum driers. The protein content
of the moisture free product was 37.14%. It contained proteins derived
from these cereal grains and yeast.

* Journal Paper no. 187 of the Purdue I'niTersitj Agricultural Experiment Station.
’This investigation was supported in part try a grant from Joseph E. Seagram and Sons,

Inc., Louisiille, Kentucky.
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The nutritive value of dried solubles was investigated by means of

biological tests with albino rats as the experimental animal. In each

series of experiments hydrogenated vegetable oil was used to adjust

the rations to the same fat content so that differences in energy values

should not be a factor affecting food, consumption. In addition to the

mixed rations, vitamin supplements containing sufficient amounts of

all vitamins for normal growth, independent of the vitamin content of

the rations were fed 3 times weekly in separate containers. The vitamin

B complex supplement contained 200 mg. riboflavin, 2 gm. nicotinic

acid, 100 mg. pyridoxine hydrochloride, 100 mg. thiamine chloride, 2

gm. calcium pantothenate, 30 gm. choline chloride, 300 gm. “Labco”

rice polish concentrate no. II, and 10 gm. sodium chloride per liter.

The cod liver oil contained not less than 1500 U.S.P. units of vitamin

A and 100 U.S.P. units of vitamin D per gram. The amounts fed were

equivalent to 27 mg. of cod liver oil and i- ml. of vitamin B complex

supplement per day.

Distillers’ dried solubles as a sole source of protein

The growth value of dried solubles as a sole source of protein was

determined and compared with values for corn and casein. Since casein is

knowir to produce optimum growth at a 15% protein level, all compari-

sons Avere made at this level. In this trial ten rats, five male and five fe-

male, of an average xveight of 42 gm. xvere placed on experiment. They

were fed ad libitum for a period of 6 weeks. A record xvas kept of the

Axmekly Aveight and food consumption of the rats. The composition of the

rations and the results are given in table 1. The proteins of dried solubles

(lot 2) AA-ere found to be more deficient than the proteins of corn (lot !)•

In fact the proteins of dried solubles were so deficient that they con-

tributed little above maintenance requirements. In contrast to the re-

sponse AAuth casein (lot 4) it is evident that the proteins of both dried

solubles and corn are critically deficient.

Distillers’ dried solubles as a supplement to corn

Tavo series of experiments AAmre conducted in AAffiich dried solubles Avas

compared Avith casein as a supplement to corn. The supplements consti-

tuted one-third, one-half and tAVO-thirds of the total protein (15fs)-

Because the groAvth responses of all lots Avithin each series AA'ere almost

identical, only one group from each series is reported (lots 5 and ()

Since combinations of dried solubles and corn gave poorer groAvth re-

sponses than corn alone (lot 1), it is apparent that the proteins of dried
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solubles do not supplement those of corn. This is emphasized by com-

parison ^vith lot 7.

The effect of fortification of distillers’ dried sohUes
mth dried breivers' yeast

Since Joseph et al. (’43) found that the protein content of stillage

derived from corn mashes could be increased by the growth of yeast

in the product, studies were made to determine the feasibility from a

nutritional viewpoint of increasing the yeast protein content of dis-

tillers’ dried solubles. To simulate a product containing more-yeast

protein, dried solubles was used in combination with dried brewers'

yeast.® Dried bre’wers’ yeast and combinations of dried solubles awl

dried brewers’ yeast rvere compared as supplements to corn. Al-

though yeast (lot 3) rras no better than conr (lot 1) as the sole source

of protein, it effectively supplemented corn (lot 6). 'When combinations

of yeast and dried solubles -were used as supplements to corn, it vas

found that the suioplemental value increased progressively with tbe

amount of yeast in the ration (lots 8-13). Maximum supplemental ac-

tion was obtained in the ration of lot 13 which contained equal amount's

of yeast, dried solubles and corn protein. No advantage Avould be gained

by further increasing the yeast content as twice this amount of yeast

did not supplement corn any better (lot 6). These results demonstrate

that it wmuld be nutritionally valuable to increase the yeast content

of dried solubles.

“Biological value” determinations

Nitrogen metabolism studies were conducted to more criticalh

evaluate dried solubles as a sole source of protein and as a protein

supplement. Biological values were determined according to the method

of Mitchell and Carman (’26) for dried solubles, dried brev?ers’ yeast

corn, casein, a combination of dried solubles and corn, and a com-

bination of dried solubles and yeast. The combinations were used to

investigate supplemental action between these sources of protein. Two

male and three female rats of approximately 150 gm. weight Avere used

in each determination. The experiment AA^as divided into five periods

of 11 days each. The first and last periods Avere used as standardiza-

tion periods to obtain data for calculating the endogenous and metabolic

nitrogen for the intervening test periods. During the standardi®'

' Fleischmaiin 's Irradiated Dry Yeast obtained from Standard Brands, Inc., New

N. Y.
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tion periods, a ration containing dried wliole eggs at a 4% protein level

was fed, as described by ilitcbell and Carman ( ’26) and during tlie test

periods rations containing specific proteins at a level of 10% were fed.

Tbe first 4 days of each test period were used to adjust tbe rats to the

new rations and for the elimination of any food other than the new test

ration from the digestive tract. The urine and feces were collected

during the last 7 days of each period and analyzed for total nitrogen.

The composition of the rations used in the determinations and the

biological values obtained are given in table 2.

It was found that biological values for dried solubles, corn, and the

combination of dried solubles and corn were relatively low in compari-

son to the values for yeast, casein, and the combination of yeast and

dried solubles. The biological value for a combination of proteins

TABLE 2

'The evaluation of the proteins of distillers* dncd solubles bv means of

"biological value** determination.

tOW-EOO
KITROOEK

DRIED
SOL*
UBLtS

DRIED
SOL-

VSI.ES
DRIED
TEA8T

DRIED
VEA6T CORN

CORN
DRIED
SOD-
VSLES

CASEIN

nation ingredients (%)
Yellow corn 49.0 24.5

Com gluten meal 12.0 6.0

Dried whole eggs 8.S

Dried solubles 20.8 14.0 14.9

Dried yeast 10.3 20.5

Casein 11.7

Sucrose 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Cellu-flour ^ 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Dextrin 54.5 32.2 35.9 30.7 1.1 26.6 48.3
Hydrogenated vegetable oil 10.0 20.0 20.0 21.8 19.9 20.0 22.0
MeColIura salts no. 185 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Total protein in ration (%) from 4.0 10.0 10.0 10.0 '10.0 10.0 10.0
Corn (%) 100.0 50.0 *

Dried whole eggs (%) 100.0

Dried solubles (%) 100.0 50,0 50.0
Dried yeast (%) 50.0 100.0
Casein (%)

Biological value *
53 C4 Cl 49 50 05

Estimated biological value * 57
Digestibility coefBcient 84 82 83 93 88 100

^ Obtained from Cliicago Dietetic Supply House, Qiicugo, Illinois.

’The error of (lie difference between any two biological -ralnes is 3.3. Conse-
tliiently the difference neeess.nry for sienificance is 7 at the 5% level and 10 at the 1% level

Estimated value if no su])p1enieutnl effect exists.



252 C. W. HUGHES AHD S. ISI. HAUGE

Since tlie proteins of dried solubles did not supplement the protehis

of corn, experiments were conducted to ascertain the limiting amino

acids. The rations contained 15% protein, equal amounts contrihiited

by corn and dried solubles. The amino acid deficiencies were corrected

by the addition of 0.1% 1 (~) tiyjotopJiane and 0.5% 1 (+) lysine, giving

an average growth response of 172 gm. in 6 weeks which compared

favorably with the response obtained with casein (lot 4). Withont

supplementation with these amino acids, the gain was only 71 gm. The

omission of either lysine or tryptophane impaired growth appreciably.

Consequently, dried solubles fails to supplement corn because of de-

ficiencies of both Ijmine and tryptophane.

It was observed that the growth responses with rations containing

dried solubles, even when supplemented with indispensable amino acids,

were less than with casein. Since palatability might he a factor influenc-

ing the results, a series of paired feeding experiments was conducted.

The duration of these experiments was 4 weeks (table 4). "When compar-

ed at 15% digestible protein levels, dried solubles when supplemented

TABLE 4

Effectiveness of amino acids a/id combinations of proteins in correcting the amino acid deli-

ciencies of distillers’ dried solubles as measured bu the controlled food consumption method.

LOT 22 23 24 25 26 27

B.ation ingredients (%)
Yellow com 46.6 46.6 4 C.e

Corn gluten meal 2.5 2.5 15

Dried solubles 53.3 35.7 17.8 17.8

Casein 17.5 5.8 5.8 IV

Dried yeast 12.3

Dextrin 41.5 74.0 52.9 22.3 15.9 33.1

Hydrogenated vegetable oil 1.4 o.O 2.6 2.0 1.9 3.1

McCollum salts no. 185 3.0 3.0 3.0 3.0 3.0 3.0

Amino acids

1(-|-) Lysine monohydroehloride 0.5

1 (— ) Tryptophane 0.1

Per cent total protein from

Corn 33.3 33.3 33.3

Dried solubles 100.0 66.7 33.4 33.4

Casein 100.0 33.3 33.3 CV

Dried yeast 33.3

Rats— number 6 6 6 6 0 0

Average gain (gm.) — 4 weeks' 82 81 79 100 92 lOi

Peed efficiency 2.79 2.74 2.80 2.70 2.99

’ The stanUard error of the difference heUveen any two average gains is 6.9 gm. Conseqiicuth

the difference for significance is 14 gm. at the 5% level and 19 gm. at the 1% level.
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with lysine and tryptophane (lot 22) gave a growth response comparable

to casein alone (lot 23) or to casein and dried solubles (lot 24). This

indicates that the addition of lysine and tryptophane corrects all the

deficiencies of dried solubles at this protein level. The amino acids

added by casein likewise correct the deficiencies of dried solubles, per-

mitting a response comparable to that obtained using casein as the solo

source of amino acids.

In a second paired feeding experiment, it was found that a combina-

tion of dried solubles and yeast (lot 26) supplemented corn almost as

effectively as dried solubles and casein (lot 25) or casein alone (lot 27).

This shows that dried solubles may be converted into a good protein

supplement for corn by the addition of yeast.

Chemical studies

To further elucidate tlio nutritive properties of dried solubles and

of dried brewers’ yeast as a supplement to dried solubles, studies were

conducted to determine the amino acid contents as well as to’ attempt

to measure the relative availability of certain amino acids as determined

by digestion with proteolytic enzymes.

Fat, free samples of dried solubles and dried brewers’ yeast, ground

to pass a hundred mesh sieve, were analyzed for a number of amino
acids. Determinations for dicarboxylic acids, cystine, cysteine, arginine,

histidine, lysine, and methionine, wei-e made on acid hydrolyzed sam-
ples. As the amount of ammonia nitrogen parallels the amount of

dicarboxylic acids present in the protein (Schmidt, ’38), values for these

amino acids were ascertained from amide nitrogen determinations.

Cystine and cysteine were determined on the filtrate from the amide
nitrogen determinations after decolorizing with Norite, using Doty’s

modification ('41a) of procedures developed by Sbinohara (’35), Lugg
(’32a, b) and Kassel and Brand (’38). Arginine, histidine, and lysine

were precipitated with phospho-24-tungstic acid according to the Van
Slyke et al. modification (’41a) of Cavett’s procedure (’32) and the

basic tungstates were decomposed with barium hydroxide. Lysine was
e.stimated by manometric determinations of amino nitrogen and car-

boxyl carbon in a solution of bases. Carboxyl carbon was estimated by
the method of Van Slyke et al. ( ’41b) as modified by hlacPadyen ( ’42)

and amino nitrogen was estimated by the method of Van Slyke (’29).

Histidine was determined by the metliod of hlacphorson (’42) and ar-
ginine by the procedure of .Jorpes and Thoren ( ’32) as modified by
Doty (’41a). In the filtrate from the basic phosphotungsfates, pbos-
photungstie acid was removed by precipitation with barium hydroxide
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and metliionine was determined bj’- an adaptation of the method of

McCarthy and Sullivan (’41). Barium was removed from the solution

by precipitation with sulphuric acid before development of color as a

slight turbidity was apparent in the colored solutions if appreciable

amounts of barium were present. Tryptophane determinations were

made on separate samples using an adaptation of Doty’s modification

( ’41b) of the procedures of Bates (’37) and Komm ( ’26). In addition fo

the usual blank determinations on the reagents, blank determinations

were also made for the slight color which develops as a result of the

TABLE 5

Comparison of relative availaiility of certain amino acids in distillers’ dried solubles

aneJ dried brewer’s yeast

ACIDS

DISTII.Lrn s' DRIKD SOLUKLES ‘ DRIED BREWERS' YEAST *

Total
Liberated bv enzyme

digestion Total
Liberated by enzyme

dipestion

of
protein

^ of
protein

9c of
total

9f*of
protein

% of
protein

</c0{
total

Arginine 2.7 0.7 25.9 5.0 0.9 18.0

Cysteine 0.0 0.0 0.0 0.0 0.0 . 0.0

Cystine 1.0 . 0.3 30.0 0.4 0.4 100.0

Dicarbo.xylie acids 23.3 8.3 35.6 15.6 7.9 30.0

Histidine 1.5 0.4 26.7 1.5 0.4 26.7

Lysine 3.5 i.9 54.3 6.2 l9 62.9

Metliionine 1.0 0.8 50.0 1.1 0.5 45.3

Tryptophane 0.5 0.1 20.0 0.7 0.2 28.6

Tyrosine 5.0 1.7 34.0 3.5 1.1 31.4

’ Contained 40.35% protein (A' X 6.25) on moisture and fat free basis.

- Contained 51.53% protein (K X 6.25) on moisture and fat free basis.

action of concentrated acid on the samples. Tyrosine was estimated

after alkaline hydrolysis by a modification (Doty, ’41b) of procedures

described by Folin and iMarenzi (’29) and Lugg (’37). The KWSZ
photometer was used in all colorimetric determinations. The results

of the analyses are given in table 5. The values reported are averages

of triplicate determinations.

•Investigations were conducted to determine the relative availabilih

of these amino acids as measured by their liberation upon digestion

with the proteolytic envmes of pancreatin.'' An arbitrary period of 21

hours was employed for the digestion of samples and also for tbf

subsequent dialysis. The following digestion procedure was employed.

Add 100 ml. of boiling water to each of a series of samples equivak''*

to 2 gm. of protein. Maintain temperature at 90° C. for 5 minutes to in-

^ U.S.P. Pancreatin obtained from Merck and Company, Eah'vvaj', N. J.
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activate enzymes and to reduce bacterial contamination. Cool and ad-

just to pH 7.5 with sodium hydroxide. Add 25 ml. of a potassium dihy-

drogen pliosphate-sodium monohydrogen phosphate buSer solution

adjusted to pH 7.5. Dilute to 200 ml. and add’ 2 ml. of pancreatin solu-

tion containing 25 mg. of pancreatin per milliliter. Add chloroform, stop-

per the flask', and digest 24 hours at 37° C. in a constant temperature

bath. Eemove flasks from the hath, adjust to pH 3.0 with hydrochloric

acid and inactivate pancreatin by beating at 90° C. for 5 minutes. Cen-

trifuge to remove insoluble material, concentrate under reduced pres-

sure, and make to volume.

To remove undigested proteins and polypeptides, aliquots of the

solutions were dialyzed for 24 hours in a continuous dialyzing appara-

tus developed by Westfall and Hange ( ’41), utilizing a cellophane mem-
brane.’ The dialysates were concentrated under reduced pres-

sure, made to volume, and analyzed for total nitrogen, using an adap-

tation of the micro-Kjcldabl method of Ma and Zuzaga (’42). Since

successive samples gave dialysates with the same total nitrogen content,

composite samples were prepared and concentrated under reduced

pressure so that the increased concentration of amino acids would be

suitable for analysis. Aliquots were hydrolyzed with HCl (constant

boiling mixture) for G hours to free any amino acids still present in the

form of peptides. Amino acid analyses were made by the methods

previously described.

The results of the chemical determination show that yeast protein

contains considerably more of the particular amino acids which were

found to be deficient in dried solubles protein by biological assays,

namely, lysine and triptophane (table 5). The proteins of dried

solubles contain only 5G% as much lysine and 7155 as much tryptophane

as is found in yeast protein. Furthermore, the digestion experiments

with pancreatin showed that these amino acids were liberated from
the proteins of dried solubles to a lesser extent than from yeast. Since

it is impossible to simulate the conditions in the digestive tract by in

vitro experiments, these values should be considered only as relative

indices of the availability of the amino acids. However, as the total

amounts of lysine and tryptophane of dried solubles protein as well

as the respective percentages liberated were less than that of yeast

protein, this offers an explanation of the nutritional limitations of dried

solubles, as compared to yeast.

'Ceilopbane dialyzing tubing (19 mm. dia.) obtained from E. H. S.argcnt and Co., Cliicago,
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DISCUSSION
,

'

. ,

It is recognized tliat there may be some variation in both the quantity

and quality of the proteins in this type of product as prepared by dif-

ferent companies and evm by the same company. These variations may-

be due to the type and proportion of cereal grains constituting the niasii,

the composition of these grains, the proportionate content of yeast in

the final product, and the recovery procedure used.

The possibility of using dried solubles as a protein supplement in

the ration of farm animals is limited by its deficiency in certain essen-

tial amino acids. By means of biological assays it was ascertained

that lysine and tryptophane were the limiting amino acids for growtli

when this product was fed at a 15% level. The requirements of the ani-

mal for these amino acids could not be satisfied by increasing the pro-

tein level to 20%. l^dien the protein content was lowered to a 10% level,

other amino acid deficiencies became apparent. In studying the supple-

menting value of dried solubles for corn, it was found that the dried solu-

bles product does not supplement corn because of deficiencies of lysine

and tryptophane. Although the lysme and tryptophane content of yeast

is higher than that of the cereal grains, the amount of yeast in dried

solubles is not adequate to contribute enough of these amino acids to

sufficiently enhance the protein quality of this product to make it valua-

ble either as a sole source of protein or as a supplement to corn.

Since Joseph et al. ( ’43) have previously demonstrated that the pro-

tein content of corn stillage could he increased by increasing the yeast

content by fermentation methods, a study was made of the nutritional

value of dried brewers’ yeast and of various combinations of yeast and

dried solubles for the purpose of determining the possible role of yeast

in the fortification of dried solubles. It was found that ymast was of

greater nutritional value than dried solubles when used as a sole sourer

of pi’otein and effectively supplemented dried solubles, corn and com-

binations of these products. Chemical studies also reveal that yeast is

superior to dried solubles. The total amounts of lysine and tryptophane

as well as the relative amounts of these amino acids liberated by pro-

teolytic enzymes were found to be greater in yeast than in dried so!«-

hies. Since it was found that additions of small amounts- of yeast to

dried solubles definitely increased growth, productions of dried solubles

with a higher content of yeast would be desirable from a nutritional

viewpoint.

Although the dried solubles product used in these experiments wa-'

decidedly deficient in lysine and tryptophane, it is possible that it couW

be used as a source of protein in rations of farm animals proviclin?

these deficiencies are corrected by other constituents of the ration.
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SUMMAKY

The nutritive value of distillers’ dried solubles as a source of protein

was evaluated hr' means of biological tests rvitb rats and by chemical

analyses. It was found to be inadequate as the sole source of protein

and as a protein supplement because of deficiencies of lysine and

trj'ptophane.

Since the irroteins of solubles are derived from the protein of yeast

and cereal grains, a study was made of the nutritive value of dried

brewers’ yeast and various combinations of yeast and solubles for the

purpose of determining the value of yeast in the fortification of solubles.

It was found that yeast was of greater nutritive value than dried solu-

bles as the sole source of protein and effectively supplemented solubles,

com and combinations of these products.

Chemical studies revealed that solubles contain considerably less

lysine and brj-ptophane than yeast. Furthermore, digestion experiments

with proteolytic enzjTnes indicated that these amino acids are less avaO-

ahle in solubles thau in yeast. Since it was found that the addition of

small amounts of yeast to dried solubles definitely increased its nutritive

value, production of dried solubles with a higher yeast content would be

desirable.
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DISCUSSION

It is recognized that there maj’' be some variation in both the qiiantitv

and quality of the proteins in this type of product as prepared by dif-

ferent companies and evesi by the same company. These variations mitj

be due to the type and proportion of cereal grains constituting the masli,

the composition of these grains, the proportionate content of yeast in

the final product, and the recovery procedure used.

The possibility of using dried solubles as a protein supplement in

the ration of farm animals is limited by its deficiency in certain essen-

tial amino acids. By means of biological assays it was ascertained

that lysine and tryptophane Avere the limiting amino acids for giwvtli

AA'hen this product Avas fed at a 15% level. The requirements of the ani-

mal for these amino acids could not be satisfied by increasing the pro-

tein leA'el to 20%. l^dien the 2H’otein content AA'as loAAmred to a 10% ler'd,

other amino acid deficiencies became apparent. In studying the supple-

menting value of dried solubles for corn, it Avas found that the dried solu-

bles product does not supplement corn because of deficiencies of lysine

and tiyptophane. Although the lysine and tryptophane content of yeast

is higher than that of the cereal grains, the amount of yeast in dried

solubles is not adequate to contribute enough of these amino acids to

sufficiently enhance the protein quality of this product to make it A'ahia-

ble either as a sole source of protein or as a supplement to corn.

Since Joseph et al. (’43) have previously demonstrated that the pro-

tein content of corn stillage could be increased by increasing the yeast

content by fermentation methods, a study Avas made of the nutritional

Amlue of dried breAA^ers’ yeast and of Amrious combinations of yeast and

dried solubles for the purpose of determining the possible role of yeast

in the fortification of dried solubles. It Avas found that yeast Avas of

greater nutritional value than dried solubles AAhen used as a sole source

of protein and effectively supplemented dried solubles, corn and com-

binations of these products. Chemical studies also reveal that yeast is

superior to dried solubles. The total amounts of lysine and tryptophaiif

as well as the relative amounts of these amino acids liberated by pro-

teolytic enzymes AA^ere found to be greater in yeast than in dried solu-

bles. Since it was found that additions of small amounts- of yeast to

dried solubles definitely increased groAvth, productions of dried soluttc-'

Avith a higher content of yeast Avould be desirable from a nutritional

vieAA^point.

Although the dried solubles product used in these experiments vaf

decidedly deficient in lysine and tryptophane, it is po.ssible that it conW

be used as a source of protein in rations of farm animals providing

these deficiencies are corrected by other constituents of the ration.
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SUMMAEr

The nutritive value of distillers’ dried solubles as a source of protein

was evaluated by means of biological tests with rats and bj' chemical

analyses. It was found to be inadequate as the sole source of protein

and as a protein supplement because of deficiencies of lysine and

tryptophane.

Since the proteins of solubles ai'e derived from the protein of yeast

and cereal grains, a study was made of the nutritive value of dried

brewers’ yeast and various combinations of yeast and solubles for the

purpose of determining the value of yeast in the fortification of solubles.

It was found that yeast was of greater nutritive value than dried solu-

bles ns the sole source of protein and effectively supplemented solubles,

corn and combinations of these products.

Chemical studies revealed that solubles contain considerably less

lysine and tryptophane than yeast. Furthermore, digestion experiments

with proteolytic enzymes indicated that these amino acids are loss avail-

able in solubles than in yeast. Since it was found that the addition of

small amounts of yeast to dried solubles definitely increased its nutritive

value, production of dried solubles with a higher yeast content would be

desirable.
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Because of tlie high requirement for calcium for optimal skeletal

development, and the relativel}’ small amounts in all foods except milk

and milk products, it is important to include in the diet foods which can

he shown to favor calcium retention. Eeports in the literature on the

effect of orange juice on calcium retention are conflicting (Chancy and

Blunt, '25; Daniels and Everson, ’37; and Shepherd, Macy, Hunscher

and Hummel, ’40), making it seem important to study further the pos-

sible influence of this food, and certain constituents of it, on mineral

retention. The data presented here are part of a larger study on the

influence of changes in the ascorbic acid and citrate content of the diet

on the ascorbic acid, citric acid, calcium, phosphorus, and nitrogen

metabolism of eight preschool children. The effect of these supplements

on ascorbic acid has been reported by Meyer and Hathaway (’44), and

on citrate metabolism bj' Metcalf and Hathaway ( ’45) ;
their effect on

phosphorus and nitrogen metabolism will be reported later.

EXPERIMENTAL

Plan of the experiment. Two groups of four children each lived at

the college laboratory apartment for 5 months. Subjects A, C, F, G,

and H were girls, aged 55, 49, 49, 40 and 38 months, respectively, at the

beginning of the study. Their respective weights at that time -were 50,

38, 40, 32, and 29 pounds. Subjects B, D, and E were boys, aged 51, 44,

and 55 months, and weighing 36, 35, and 34 pounds, respectively

The general plan of the complete experiment has been reported in

detail by Meyer ( ’43), but the following facts are particularly pertinent

to this part of the study. The childi-en were maintained on a basal diet

adequate in all nutrients except ascorbic acid. One teaspoonful of cod
liver oil was given daily to each child. The first group of children (A,
B, C, aiid D), were given 800 nil. of milk daily; the other group (E, F,

6, aud H), received only 500 ml., since it was considered that at the
lower calcium level possible effects of the dietary supplements might be

259



table 1

Avcraffe daily calcium balance for foTtr preschool cinhiren on hirih-mill: intnkr,

SUBJECT ABO
Diet Period

\\

t!

|j

i

Intake

j

Excretion Reten- :

Urine Peces tion
j

Intake Excretion Keten-
Urine Feces tion

1

Intake Excretion Reten-
Urine Feces tion

' Intake

1

Prifsc Fffpt

!

1
1

rnff. mfj. mg. tn*j.
j

yrtg. mg. mg. mg.
{

mg. mg. mg. mg.
'i

!
mg.

I > .'5
1

\

1128 !
1127 139 870 118 1 1128 132 874 122 ’ 1123 lio m

6
; 1128 36 1037 55 1 1124 141 814 169 : 1127 142 890 95

; 332.5 120 Wl
30 i 1081 21 1003 57 1079 122 833 124 1081 146 881 54 1 3076 S.O Sfd

11
’

i
1108 24 983 101 1102 1.30 863 109 1108 149 878 81

: not ICO :5c

12
;

1145 27 993 124 1141 139 848 15.3
;

1145 149 841 1.54
:

1141 334 Sill

Av. 1118 27 1004 84 3135 1.34 846 135
j

1118 144 87.3 101
i

1114 312 Sir'

11= 7
,

1081 34 1000 48 ; 1078 135 868 75 1081 144 809 128 ! 1070 331 m:
8 |l
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!
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1

1121 i 1117 320 fill

9
!
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1
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i

1114 347 f2;<

14 1121 31 987 103 1114 15.3 841 121
!
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j

1114
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1

1121 32.1 .Si;-

nr= 15 1105 17 1020 68 1102 100 883 119 1104 104 817 183
1

1103 82 Sii'

19
;

1127 14 967 146 1122 92 882 148 1 1125 304 817 203 1122 7C rs!

'

17 1123 12 1020 92
1

1119 89 864 165
1

1122 97 937 88 , 1119 82 SJl

Av. !' 1118 14 1002 102 ! 1114 94 876 144 . 1117 102 857 158
1

1115 80 SS

IV • 18 i
1096 8 973 116 ' 1092 92 855 145 ! 1095 95 786 214 i 1092 72 Sll

19 i 1164 13 990 160
j

1160 103 921 137
1

1162 108 866 189 ' 1160 87 81!

20 1137 9 1040 89
I
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j
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i
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Av.
;

1132 10 1001 122
*

1128 91 904 134
1

1131 96 830 205
1

1129 SI fSi

Gen. av. 1 1123 22 1009 91 i 1119 122 865 1.33 I 1122 127 853 143 1 1119 303 S5!

Avciar/e daily calcium balance for- four preschool children on Inw-niill: iniair.

SUBJECT E T 0 if

1= 7 796 47 642 107 796 7C 611 109 , 796 28 065 103 759 30 53S

8 808 46 662 100 776 76 611 89 776 26 682 68 1 773 30 C3

9 800 46 709 45 763 77 628 60 765 28 658 79
1

766 29 62J

y Av. 801 46 671 84 779 76 617 86 , 779 27 608 83 766 30 o55

11= 5 ' 776 67 625 84 778 85 588 105 778 36 673 69 744 30 s:;

G 762 52 670 40 765 81 593 91 ^ 766 34 654 78 733 36

10 819 5.3 696 70 787 78 608 101 786 29 061 96 787 33 63

11 811 46 672 93 779 71 606 102 766 21 633 112 768 22 0“

12 834 52 701 81 802 7.3 650 79 799 25 674 100
j

800 27

Av. 800 .54 673 74 782 78 609 96 779 29 659 91 7GG .33 6i:

in= 11 77.3 .30 664 7.3 741 55 559 127
;

735 15 613 109 , 742 37 i:'

14 779 748 60 574 114
,

741 18 015 108 1 745 13
(•'

15 794 32 667 95 759 64 615 80 749 19 028 102 ! 7.52 12

Av. 782 34 663 84 749 60 583 107 742 17 618 106
1

746 14
6'

IV * 16 811 37 716 38 778 70 664 44 736 16 643 77
,

760 14
6-7

17 830 34 727 89 818 58 615 145 775 17 634 124 1 798 14
6''

18 792 26 717 49 753 53 593 107 714 19 589 106
j

739 17 f-’

Av. 818 32 720 65 783 60 624 99 742 17 622 102
;

766 15 i--

V'' 19 806 46 685 75 771 71 627 73 730 25 587 118
'

741 22 {v

20 825 49 693 83 791 82 574 135 738 23 657 58
j

756 2. i'

Av. 815 47 689 79 781 76 600 104 734 24 622 88 ! 748 22 t-

Gen. av. : 804 45 683 76 775 71 607 98 759 24 042 94 i 760 _

iasnl diet only.

iasal diet plus ascorbic acid.

!asa) diet plus potassium citrate.

' Basal diet plus ascorbic acid and potassium citrate.

' Basal diet plus orange juice.



TABl^E 2

iS'tniuiuii.f/ halancrs for etffUi prrxchool rhilrtiTii.

INTAKE EXCRETIOK
ITrine Ketes

RETENTION
f/f of ininitc

»>•» /tff. mg /lj7 mg./kg

Subject A
Diet I * 49 1.2 44 3.7 8

II* SO 1.4 4a 3.2 G

III’ 49 0.6 44 4.5 9

IV' 49 0.4 44 5.3 11

Subject B
Diet I » G7 8.1 51 8.1 12

n* 68 8.7 51 7.5 11

ITT’ 65 5.5 31 8.4 13

IV' 65 5,3 52 7.7 12

Subject C
Diet I

‘ 02 8.0 49 5.6 9

II’ 62 8.1 46 7.5 12

III’ 59 5.4 45 8.4 14

IV' GO 5.1 44 10.8 18

Subject 1)

Diet 1

'

67 6.7 53 7.4 11

11' G6 7.2 48 10.7 10

III’ 63 4.3 49 9.3 15

IV » 03 4.5 49 9.0 14

Subject E
Diet I

’ 50 2.9 42 5.2 10

IT’ 49 3.3 42 4.6 D

m* 4" 46 6.1 11

IV ‘ 48 1.9 42 3.8 8

V’ 47 2.7 40 4.6 10

Subject F
Diet I

* 42 4.1 .33 4.6 n
11* 42 4.2 33 5.1 12

III’ 59 3.1 31 5.6 14

IV • 40 3.1 32 5.1 13

V' 39 3.8 30 5.3 J3

Sub jVet 0
Diet I ‘ 49 1.7 42 5..3 n

II* 49 1.8 41 5.7 12

III’ 45 0 37 6.4 14

IV' 45 1.0 38 6.2 14

Y» 44 I..5 38 5.3 12

Subject U
Diet I > .'16 2.2 43 10.1 18

II
-•

o6 2.2 45 8.7 16

m» 53 1.0 45 1.0 13

IV' 53 la 46 6.0 12

V* 52 1..5 43 7.2 14

* Basal diet only, 'Basal diet plus ascorbic acid
* Basal diet pins ascorbic acid. and potassium citrate.
* Basal diet plus potassium citrate. » Basal diet plus orange juice.
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Urinary excretion of calcium. The urinary excretions of calciininveri!

not unifoiTU from child to child, but were relatively consistent for eadi

child on a given supplement. They were little affected by additions of

ascorbic acid to either the basal diet or to the basal diet plus potassium

citrate, but the addition of potassium citrate (diets III and IV) resulted

in significantly lower urinary calcium excretions in all eight children.

This decrease averaged from 10 to 53 mg. for the different subjects, but

was relatively consistent and eliaracteristie for each child. These re-

sults lend support to the suggestion that urinary calcium excretion may

bo 1‘elated to acid-base balance. Addition of potassium citrate to tlie

diet increased the average urinary pH by 0,9 to 1.4 units, from aver-

ages of 5.5 to 5.9, to from 6.7 to 6.9. With an increased urinaiy pH, tlie

urinary calcium excretion was reduced. When orange juice was added

to the diet of the low-milk groirp, the urinary excretion of calcium was

about the same as on the basal diet for E and P, but somewhat lonw

for G and H. It was higher than on the potassium citrate supplement

in all subjects. The addition of orange juice incr-eased the basal pH

values by about 0.3 units for B and F, and by about 0.6 units for 6 and

H. These results also lend possible support to a }‘clationship between

urinary calcium excretion and acid-base balance.

Knapp and Stearns (’44) state that urinary calcium bears an impor-

tant relationship to calcium intake and body weight. According to their

formulas for calculation of the normal percentage of calcium intake

which is excreted in the urine, the children from the high-milk group

should have values between 1.0 and 16%, and those from the low-milk

group between 1.2 and 19%-. The percentage values found were as fol-

lows : A, 0.8 to 3.2; B, 6.8 to 14; 0, 7.7 to 14; D, 6.6 to 13; E, 3.2 to 8.6;

P, 7.4 to 11; G, 2.2 to 4.6; and H, 1.6 to 4.9. Thus subjects A, G, amlH

eliminated amounts of calcium definitely in the lower normal rangf-

subjects B, C, and D definitely in the higher normal range; and oiik

subjects E and P in the middle range, regardless of supplement. Knapp

and Stearns recognized that the major factor regulating urinary ex-

cretion is endogenous, and believe that it is probably related to endo-

crine balance. Parathyroid and thyroid activity may be involved, bn!

the exact relationship has not been determined.

SUMMARY AND CONCLUSIONS

Calcium metabolism has been studied in eight preschool children, fouf

on average calcium intake of 1122 mg., and four on an intake of 775 mg-

The basal diet was supplemented with ascorbic acid, potassium citrafO)

and orange juice as indicated. The results were as follows

:
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1. Calcium veteutimis during 16 weeks averaged 131 ± oO mg. on

the higher level of intake, and 96 ± 26 mg. on the lower level.

2. The addition of 1 00 mg. of ascorbic acid to a diet containing 23 to

25 mg. of the vitamin did not .significantly increase the retention of

calcium.

3. The addition of 3.38 gm. of jjotassium citrate lowered the urinary

excretion of calcium in all eight subjects but did not significantly alter

the calcium retention.

4. On the substitution of orange juice for crystalline ascorbic acid

and potassium citrate supplements, the retentions of calcium were not

significantly altered.

D. In at least five of the eight subjects the absorption of calcium did

not appear to bo the main factor regulating its retention.

6. In these eight children factors other than diet alone regulated

calcium retention during the 16 weeks of observation.
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Murlin, ’38) in whieli the Thomas method is modified by dso of an egg

protein diet as a standard rather than a nitrogen-free diet; and tk
method of Sherman (Sherman, Winters and Phillips, ’19), in whicli dif-

ferent sonrces of protein are compared on the basis of the balances of

nitrogen secnred on comparable, and low, intakes of nitrogen. None of

these methods is ideal in experimentation with adnlt hnnian subject?,

either because of the difficulty in tolerating the experimenta’l diets, tk

purely comparative nature of the results secured, or the impossibility

of computing a protein requirement for nitrogen equilibrium.

However, if the relationship in adult nutrition between the nitrogen

intake and the nitrogen balance (or ouput) is rectilinear below the

point of equilibrium, and even somewhat above it, a more practicable

method is at hand for studjdng with human subjects the utilization of

dietary nitre gen and the requirements for equilibrium of nitrogen from

different dietary sources. Martin and Robison ( ’22) established tlie

rectilinear character of the relationship for human adults between tbc

nitrogen intake and output when the dietary nitrogen was supplied by

whole wheat flour, and less certainly when it was furnished by milk. In

their selection from the literature of metabolism data for the determina-

tion of the protein requirement for maintenance in man, Leitch and

Duckworth (’37) were able to desci’ibe satisfactorily the relation-

ship between nitrogen intake and nitrogen output by straight lines.

Melnick and Cowgill (’37) report remai’kably close rectilinear relation-

ships for adult dogs between nitrogen intake and nitrogen balance for

dietary proteins differing widely in biological value, i.e., lactalburaiii,

serum protein, casein and gliadin. The intercept of the straight lines

describing this relationship on the abscissa representing nitrogen equi-

librium, gives the amount of nitrogen, of the species present in the diet,

required for- equilibrium. The intercept on the ordinate erected at zero

nitrogen intake, gives the minimum endogenous output of nitrogen in

the urine plus the metabolic nitrogen in the feces. This method iva'

used by Harris and Mitchell ( ’41 ) in estimating the requirements ('

nitrogen in the form of urea and of casein for the maintenance of

gen equilibrium in adult sheep. It was used in the investigation («'

human subjects to be reported in this paper.

EXPERIMENTAL PROCEDURES

The subjects of the experiment were nine young women atteiidni?

the University of Illinois. Their description with reference to

weight, height and basal metabolism is given in table 1. The basal

metabolism was determined by the gasometer method. Two or more
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measurements were made upon each subject, depending upon the agree-

ment secured between tbe first two. The nitrogen metabolism data for

different subjects were pooled together by expressing them in milli-

grams per basal calorie in accordance with tbe observations of Smuts

( ’35) confirming those of Terroine that the minimum endogenous catab-

olism of nitrogen, to which the maintenance requirement of pi-otein is

due, varies with the basal metabolism.

The experimental diets were planned to contain as high a proportion

of the total nitrogen in the test food as possible. The proportion realized

was generally 95% or higher, though in a few cases it ranged from 91

TABLE 1

Dcsctipiton of the subjects of the experiments.

SUBJECTS
AflE WEK.IIT IICICIIT

sfnF.ucE
AREA ‘

B.AS4Ii METABOLISU

^’o. Initidh ppr hr. per mm * per day

Vtnra kff. min.^ cut rnl.

1 B.ii. 20 54.12 167.0 1.60 32.60 1252

2 R.L. 20 Cl .98 167 6 1.70 31.67 1292

3 M.B. 23 58.87 15S.4 1.61 35.66 3378

4 • H.M, 21 56.45 172.7 1.67 31.89 1278

5 5I.W. 19 54.68 139.7 1.36 33.09 1239

6 J.B. 19 57.90 159.4 1.59 32.65 1240

7 C.T. 20 61.20 J61.5 1.72 34.62 1429

8 C.^t. 20 75.15 167.3 1.85 31.19 1385

9 L.T. 22 55.60 166.4 1.61 31.31 1202

* Estimated by the lieight*wciglit fornuila of DuBois and DuBois (’16).

to 94%. All diets wore supplemented with minerals (Ca, P, Na, Cl, ilg,

K, Pe, Mn, Cu, I and S) and with tbe following amounts of vitamins per

subject daily : 3 mg; of thiamine hydrochloride, 3 mg. of riboflavin, 15

mg. of nicotinamide, 1.5 mg. of pyridoxine and 2. mg. of calcium panto-

thenate. Each subject received daily 2 drops of haliver oil and 20 drops
of solvent-extracted wheat gei-m oil.

The basal diet furnished from 0.14 to 0.23 gm. of nitrogen daily and
consisted of sugar-cornstarch-lard cookies, supplemented with sucrose,

lactose, fondant, jelly, butterfat, lemon juice, apple sauce, lettuce aud
French dressing. Water and table salt were allowed ad libitum. The
test foods replaced isocaloric amounts of some of the jiitrogen-free con-
stituents of the basal diet at varying nitrogen levels. The diets wore
all consumed at caloric levels just adequate to maintain a constant body
weight. The estimated physiological fuel value required ranged from
1.6 to 2.4 times the basal energy expenditure, averaging about 2.0 times.
Mo attempt was made to standardize the proportion of food calories de-
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Fig. 1 The relationship between nitrogen intake .'ind nitrogen balance on different *!'*'*'•

Tile A' = — a 4- bX equations define the relationship for the various foods, the a value rci'rt'

sonting the nitrogen excretion at 0 intake and tlie b value the slope of the line, or the pro'f'"*

of the biological value and the true digestibility of the nitrogen. The numbers 1-9 adjacent ("

the circled points refer to the subjects yielding the data from which the calculated curves

drawn.
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on a pi-actieally iiitrogea-free diet, the focal (metabolic) uitrogoii

amounted to 0.410 and 0.401 mg. per basal calorie, an average of 0.405.

If this value is deducted from 1.830, the difference, 1.425, is the average

minimum endogenous urinary nitrogen in milligrams per basal calorie."

The 6 values in the five equations define tlm slope of the lines describ-

ing the respective relationships between the nitrogen intake and the

nitrogen balance, both expressed in milligrams per basal calorie. Each

value is the preduct of the coefficient of true digestibility computed in

the usual maimer and the biological value in the Thomas { ’09) sense,

each expressed as a decimal rather than as a percentage.'' The b values

with their standard errors * are as follows ; for milk nitrogen,

0.697 + 0.042; for the nitrogen of white flour, 0.402 + 0.027; for the

nitrogen of soy flour, 0.598 + 0.086; for the nitrogen of the soy-white

flour combination, 0.520 + 0.046; and for the nitrogen of the mixed food

combination, 0.586 ±0.059. Thus, the average over-all nutritive quality

of the different sources of dietary nitrogen ranges as follows in the

order of decreasing average quality : milk, soy ‘flour, mixed foods, soy

flour plus white flour, and white flour.

The statistical significance of the differences in h values have also

been computed with tlio results summarized in table 2. If the probabili-

‘Smuts ('35) found an average of 2 mg. of endogenous urinary nitrogen per basal calorie for

a series of mice, rats, guinea pigs, rabbits and pigs, mainly adult males, and from tbe meager

information available concluded that approximately tlic same ratio applied to men. Hoiverer,

the possibilitv of a sex difference in this respect was not considered. Palmer, Moans and

Gamble (’14) observed a marked sex difference in the ratio of urinary creatinine excretion to

basal metabolism, such that for men 1.02 mg. of creatinine were excreted per basal calorie,

while for women the ratio was onlv 0.8 as much. If it may bo assumed that this sex difference

applies to the total output of minimal endogenous urinary nitrogen, the Bmuta’ ratio of 2 ing.

per basal calorie for men would correspond to a ratio of 1,6 mg. per basal calorie for women.
This value is not greatly different from that of 1.425 estimated for the women subjects of this

experiment.

^ The subscripts to K in the following equations relate to the different f.actors entering into

a nitrogen metabolism studv, N standing for nitrogen in nil cases; bs= balance, i='int.The

f = fecal, u = urinary, m •== metabolic fecal, and e=s minimum endogenous urinary. In these
terms tlie regression line relating nitrogen balance to nitrogen intake beconie.s—
= — .T -f- I)N,, in which a = Xn, -f- X, and X|,= Xi — — X'u.

Substituting and rearranging— b «=
N,

The cocflicient of true digestibility of nitrogen, in these terms, would be equal to
N,

rr* , and dividing this into b—
^ I

,
X, X, -(Xr~X„)-(N.-X.)
(N, “ sTTafTTi:::)

— “

‘The standard errors were computed according to the method of Rider (’39, pp. 93, 94) as
well as the statistical significance of the differences in b values.
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Fig. 1 The relationship betiveen nitrogen intake and nitrogen balance on different dW'-

Tiic F = — a + bX equations define the relationship for the various foods, the a value ref^

senting the nitrogen excretion at 0 intake and the b value the slope of the line, or the prod»o

of the biological value and the true digestibility of the nitrogen. The numbers 1-9 adjacent

the circled points refer to the subjects yielding the data from which the calculated curves

drawn.
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cannot be established, mainly because of the large standard error of

tbe b value of 'soy flour. The data suggest the existence of a supple-

mentary relation.

Tile feeal nitrogen in these experiments seemed to be largely of body,

rather than of food, origin. When expressed per gram of dry matter

consumed, there xvas no demonstrable correlation with the nitrogen in-

take, that is, with tbe nitrogen content of tbe dry matter consumed.

Furthermore, the average amounts of fecal nitrogen in milligrams per

gram of dry matter consumed varied xvitbin a small range for all test

diets, tbe averages with their standard errors being as follows: milk,

1.18 d- 0.21; white flour, 1.29 ± 0.13; soy flour, 1.42 ± 0.17
;
mixture of

white and soy flour, 1.37 ±; 0.12; and mixed foods, 1.78 ± 0.13. In the

two periods on the low-nitrogen basal diet, the fecal nitrogen amounted

to 0.91 mg, per gram of dry matter consumed for Subject 4, and 1.14 mg,

for Subject 3,

The average coefficients of apparent digestibility of the nitrogen in

the different foods and food combinations tested were: 77,2 for milk,

81,6 for white flour, 70.3 for soy flour, 77.9 for tbe combination of soy

and white flour, and 75.8 for the mixed foods.

The true digestibility of the nitrogen of the foods and combinations

tested can be computed by assessing the metabolic nitrogen in the feces

at 1 mg. per gram of dry matter consumed, this value being the average

of the two values obtained with Subjects 3 and 4 on the basal low-nitro-

gen diet, 0.908 and 1.140. The time digestibilities thus computed are as

follows : 94 for milk, 97 for white flour, 92 for soy flour, 94 for the com-
bination of soy and white flour, and 90 for the mixed foods. Because of

the large amounts of foods in all of the experimental diets contributing

practically no nitrogen to the intake, but inducing an excretion of nitro-

gen in the feces in proportion to the amounts of dry matter they con-

tain, these coefficients of true digestibility are of greater significance

than the coefficients of apparent digestibility given in the preceding
paragraph.

The amounts of nitrogen required for equilibrium may be computed
from the equations relating intake and balance of nitrogen for the vari-
ous test foods by equating the balance (Y) to zero and solving for X.
Tbe values thus obtained are summarized in table 3 for the various
foods and food combinations tested, together with other information
pertinent to the nutritive evaluation of their protein components.
The values given in the last two columns of this fable arc the most

significant results secured in these experiments, defining as they do the
amounts of nitrogen and of conventional protein required for mainte-
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nance (as ordinarily determined) in tlio adult organism. The nitrogoii

requirement for the most general use is expressed in milligTains per
basal calorie. This method of expression takes account of diffeveiicos

in body size more effectively than the customary method relating re-

quirement to body weight. •

While on the white flour diet providing 6.819 gm. of nitrogen daily,

Subject 3 excreted 6.813 gm. of nitrogen daily in the urine during a

5-day period and was in negative nitrogen balance to the extent of

0.872 gm. daily. For the next 5 daj'-s she consumed essentially the same

diet plus a daily supplement of lysine, providing 0.263 gm. of nitrogea,

TABLE 3

The mitritive value of the nitrogen components of the foods and food combinations tested.

TEST FOODS *
TRUE

DIGESTIBILITY
rcT.

BIOLOGICAL
VALUE 2

rcT.

BEQUIBED
FOB

EQUILIBRIUM

riiOTEiN {S X G.2S)

BF.ei'IBEP

PER DAY ’

mg. per
banal cal.

gm.

Milk 94.0 74 2.700 22.4

White flour 90.9 41 4.763 38.7'

Soy flour 91.9 65 2.876 23.4

Soy-white flour ’ 94.2 55 S.380 27.5

Mixed foods 89.0 65 3.124 25.4

' Tliirty-six parts of soy bean pioteiii to 64 parts of wtiite flour protein.

Computed from tlie respective b value in the equation expressing the relation between .V

intake and N balance, by dividing by the true digestibility expressed as a decimal.

‘ For a basal metabolism of 1300 cal. daily, the average for the nine subjects of this a-

periment.

Immediately the urinary nitrogen dropped by almost 0.9 gm. dailv aid

the subject went into positive balance. This result confirms the e.xperi-

mice of Rose (’44) and of Albanese et al. (’41) that the adult Innnaii re-

quires lysine, and brings out a difference in this respect between addi

human and adult rodent nutrition (Burroughs, Burroughs and Miteliell

’40).

DISCUSSION

The biological values for the nitrogen in the foods and food combws

tions tested, given in table 3, may be compared with the few others rf

ported in the literature, althcugh there is no high degree of agreenient

For milk protein, Sumner and Murlin ( ’38) report a biological value

J

62, Lintzel and Bertram ( ’38) one of 43, and Martin and Robisoii (24

one of 51, for adult humans, compared with our value of 74.

( ’23) obtained a value for milk proteins of 60 with a group of clhldr(’«

with latent hilus gland tuberculosis. The differences are largely* tmev
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plaiiiabl'e, altliougli in some cases, it may be qnestioned whether the true

minimal endogenous urinary niti'ogen was ever attained, or whether

the caloric intahe was adequate (Lintzcl and Bertram, ’38). In the

present experiments the biological values given relate to a definite

caloric intake, that required for energy equilibrium. A larger, or a

smaller, caloric intake may be expected to change the picture by spar-

ing dietary protein to a greater or lesser extent, as Neumann (’19) and

Cutbbertson and klvmre (’37, ’33) have shown. It would seem that the

most significant biological values for the adult human would relate to

energy intakes just sufficient to maintain the body weight.

For soy proteins, an average biological value of 65 was reported for

soybean curd by Cheng, Li and Lan ( ’41), comparing favorably with

the value of 65 for soy flour given in table 3. The high value of 81 for

soybean protein reported by Mnrlin et al (’44) may probably be ex-

plained by the siiort low-nitrogen period of 3 days, during which time

the minimal level of urinary nitrogen may not have been established.

The nitrogen requirements for equilibrium given in table 3 may be

computed in terms of conventional protein (N X 6.25) for the conven-

tional body weight of 70 kilograms. Such a person would have a sur-

face area of about 1.8 square meters and a basal metabolism of approxi-

mately 1650 cal. per day. Hence, bis daily requirement of protein from
the sources tested would be ; from milk, 2S.5 gm. ; from white flour 49.1

gin. ; from soy flour, 29.7 gm.; from soy flour 13 parts and white flour 87

parts, 34.9 gm. ; and from the mixed diet, 32.2 gm. If the ratio of mini-

raum endogenous urinary nitrogen to basal calorics is less in women
than in men, as the results of Palmer, Means and Gamble ( ’14) may
suggest, the above values should be increased by about 18%.“

The above estimates of protein needs in adult life assume that the

nitrogen output from the body is composed solely of the urinary and
fecal output, and that the protein requirements of adulthood are com-
ptctely covered when the body is in nitrogen equilibrium. Holt (’44)

has pointed out certain possible errors in this latter assumption, but

the bases of his arguments need either confirmation or experimental
proof. In any case tlieir applicability to the situation under discussion

is doubtful However, it is undoubtedly true that throughout adult life

some tissues arc continually growing. Hrdlieka ( ’36) has called atten-

tion to this fact with reference to stature, various bead and face dimen-
sions, the chest, bands and feet. But aside from these growth changes
in body size and dimension, it is known that certain tissues of the body,
such as the epidermis and epidermal structures, grow continuously. All

• Assuming no sex difFotfUCe in tlie ratio of focal metalioUc nitrogen to dry matter consumed.



280 M. BRICKEE, H. 'K. MITCHELL AND G. ‘M. KINSMAN

these growth changes involve protein, so that the adult, to maintain the

body in its normal and proper nutritive status, must receive more
dietary protein than that required merely for equilibrium. What this

excess should be has not been assessed insofar as the authors are aware.

Grindley (’12) has reported continuous nitrogen balance studies

carried out over a period of 220 days on 23 adult men from 18 to 31

years of age. They were consuming an adequate diet, containing 80 to

85 gm. of protein daily^ and body weight variations were slight. The

daily nitrogen balance averaged 1.38 gm., with a coefficient of variation

of 22.3. The balance seemed to be appreciably correlated with body

surface (r= + 0.480), and per square meter averaged 0.77 gm., with a

coefficient of variation of 19.3. This apparent storage of nitrogen by

adult men can be broken down into two factors
;
one, a failure to measure

all of the nitrogen output from the body, specifically that from the skin;

and, two, a true retention of nitrogen in the growth of hair, epidermal

tissues and structures, and in the changes in size and form of the body

characteristic of the later phases of growth.

In unpublished experiments, Mitchell and Hamilton have measured

the dermal losses of nitrogen in four adult men while at comparative

rest in an air-conditioned room. Under comfortable, non-sweating con-

ditions this loss averaged 0.40 gm. daily
; under profuse sweating con-

ditions it averaged 3.74 gm. Applying the former figure to the average

positive balance of nitrogen observed in Grindley ’s subjects, it would

appear that ajoproximately 1 gm. of nitrogen a day (1.38 — 0.40) was

actually stored in the bodies of these adult men.

An estimate of the total requirement of nitrogen by the women sub-

jects of this experiment on the basis of the information considered above

may be made by computing, from the equations relating nitrogen intake

to nitrogen balance for each of the test foods, that intake of nitrogen

required to induce a storage of 0.77 gm. of nitrogen per square meter

of body surface. The average surface area of the subjects in this study

was 1.66 mm.- and their average basal metabolism .was 1300 cal. per clay.

Hence, the above nitrogen storage, in milligrams per basal calorie, is

(0.77 X 1.66) 1300= 0.983 mg. The amounts of protein of the vari-

ous species tested required for maintenance and “adult growth” are

given in table 4.

The requirements here computed are averages relating to a nutri-

tional status characteristic of the subjects of this exyieriment. For

adult women in general, such requirements in all probability exhibit

considerable variation. Individuals may be able to adapt themselves

to lower planes of protein nutrition (Mitchell, ’44), by diminishing the
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inevitable wastage of nitrogen in the endogenous metabolism, or by

making better use of the protein supply available through the protein-

sparing action of a more abundant intake of carbohydrates.

The differences in requirement depending upon the source of the

dietary protein are great. It is interesting to note that the estimated

protein requirement on a mixed diet is among the lowest of those se-

cured.
TABLE 4

The avxounis of nitrogen and of conveniionol protein required for true maintenance

and ^*adiiU growth**.

BorrscE or nitbooen

NtTROOES
P,F.qiJlBED
PER BASM.

CAt'

PBOTEIN (N X 6.2S) REQUIREMENT

Average for
the Kubiects

of this
experiment

Per 70 kff.

body weight

mff. pm. per tfny pm per day

Milk 4.171 33.9 43.0

White flour 7.214 58.6 74.4

Soy flour 4.518 36.7 46.6

Soy-ivhito flour combinntion 5.269 42.8 54.3

Mixed foods 4.802 39.0 49.5

‘ These figures were obtained by substituting + 0.983 mg. N for the Y in the respective

Y — a cejuations, and solving for X.

SUilMARY CONCLUSIONS

Fifty nitrogen balance periods were carried out upon nine women
subjects to determine the requirements for protein during adult life for

different types of dietary protein. The protein foods tested were milk,

soy flour, white flour, a combination of soy flour and white flour contain-

ing 13% of the former, and a well balanced mixture of protein foods.

All test foods were cooked in some apiiropriate manner if the3''are com-
monly prepared b}' cooking. The test foods supplied 91% or more of

the total protein in the test diets, which were fed in amounts to maintain

body weight.

Each food, or food combination, was studied at different levels of

nitrogen intake in order to define the relationship between intake and
balance. This relationship was shown to be rectilinear and satisfac-

torily described by the equation of a straight line in which nitrogen
balance is the dependent variable (Y). The slope of the line, the h con-
stant in the equation, is the product of the true digestibility of the
dietary nitrogen and its biological value in the Thomas sense. The in-

tercept of the line on the ordinate representing zero balance gives the
amount of dietary nitrogen required for equilibrium. In these computa-
tions, all values for the different subjects are pooled together for each
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test food by expressing them in milligrams of nitrogen per. calorie of

basal beat.

For milk, white flour, soy flour, the soy-wbite flour combination and

the mixed foods, the indicated biological values were, respectively, 74
,

41, 65, 55 and 65, and the amounts of nitrogen required for equilibrium

fas ordinarily measured) were, respectively, 2.76, 4.76, 2.88, 3.38, and

3.12 mg. per basal calorie.

When due allowance is made for probable dermal losses of nitrogen

and for the growth of tissues during adult life, the average daily re-

quii-ements of conventional protein (N X 6.25) calculated to a weiglit

of 70 kg., a surface area of 1.8 square meters and a basal metabolism of

1650 cal. daily, are : 43 gm. for milk, 74 gm. for white flour, 47 gm. for

soy flour, 54 gm. for the soy-wbite flour combination, and 50 gm. for the

mixed foods. The limited significance of these numerical values is

pointed out.

Some evidence is presented that the human adult, unlike the adult

rat, requires lysine for nitrogen equilibrium.
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The growth of Wood capillaries from the limbic plexus into the cornea

has been observed as a response of this normally avascular tissue to a

variety of adverse conditions (Duke-Bldei', ’42; lYolbaoh and Bessey,

’42; Nutrition Reviews, ’43)
;
i.e., physical and chemical trauma, infec-

tions, and certain experimental dietary deficiencies. Among the dietary

deficiencies, corneal vascularity has been observed in experimental vita-

min A deficiency, ariboflavinosis, and in deficiencies of sodium, zine,

and the amino acids lysine and tryptophane. It has been clearly estab-

lished that in man, just as in experimental animals, a deficiency of ribo-

flavin may lead to an invasion of the cornea by capillaries (Syden-.

Strieker, Sehrell, Cleckley and Kruse, ’40). As a result, some investi-

gators have attributed the mild degree of corneal vascularity found

among apparently normal population groups, ns well as among less

well nourished groups, to riboflavin deficiency (Wiehl and Kruse, ’41;

Tisdall, McCreary and Pearce, ’43; National Research Council, ’43).

This mild lesion has been found to be highly prevalent, particularly

among sailors, aviators, and others exposed as a result of their activi-

ties to excessive sunlight
; e.g., at high altitudes, on the desert, or from

snow reflection of light or reflection from the water (unpublished confi-

dential information). Since riboflavin is rapidlj' destroyed by light,

the possibility exists that the exposure of the eye to bright light might
further limit the riboflavin in the cornea and thereby accentuate the
growth of capillaries into this structure. Bright light might even induce

'The woA acscrihod in this paper was done nnaer a contract, recommended br the Com-
mittee on Medical Eescarch, between the Office of Scientific Research and Development and
The Public Health Research Institute of The City of New York, Inc.
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a local riboflavin deficiencj^ in the cornea in spite of an adequate intake

of tbe vitamin for the rest of the body.

Trauma, if severe enough, also induces the growth of vessels into

the cornea (Duke-Elder, ’42). Ariboflavinosis might enliaiice this in-

vasion of the cornea or delay recovery from the trauma. It is a com-

mon clinical experience that injuries to the cornea heal more quickly it'

the eye is bound so as to exclude light. It is conceivable that this benefit

obtains through protection of the corneal riboflavin from destruction by

light. If this were the case, a high riboflavin intake would be expected

to overcome some of the detrimental effects of bright light on the heal-

ing- of corneal injuries.

To study these effects and possibilities, an investigation has bees

made of the influence of light on the development of corneal lesions in

riboflavin deficiency, and the influence of light and riboflavin on the

rate of healing of injuries to the cornea. Three types of experimeiiis

have been made :

'

1. The rate of capillary ingrowth and other corneal changes hare i

been compared in four groups of rats maintained under the following *

conditions: (a) Normal diet, kept in the dark; (b) normal diet, kept'in

continuous light
; (c) riboflavin deficient diet, kept in the dark; (d) ribo-

'

flavin deficient diet, kept in continuous light.

2. The rate of repair of injuries to the cornea produced by ultra-

violet light, removal of the corneal epithelium, or by nitric acid ha?

been assessed in groups of I’ats kept under the following conditions:

(a) Normal diet, kept in the light; (b) norma] diet, kept in the dark;

(e) riboflavin deficient diet, ke;^t in the light; (cl) riboflavin deficient

diet, kept in the dark; (e) normal diet plus extra riboflavin, kept in tlic

light; (f) normal diet plus extra riboflavin, kept in the dark.

3. Observations have been made on the effects of feeding extra ribo-

flavin on the prevalence of spontaneous corneal vascularity which regu-

larly occurs in supposedly normal stock rats.

EXPERIMENTAL

Albino rats of the.Wistar strain, 45 to 60 gm. in weight at the starlol

the experiment, Were used in all experiments except for the ultravioW
j

irradiation injury ; in this case the animals weighed 125-150 gm. 11'*^

diet, supplements, and method for maintaining the animals in coidi"*’'

ous light have been previously desci'ibed (Bessey and Lowry, ’44). O'*'

servations of the cornea were made with a binocular dissecting micro-

scope using 3 X objectives and 10 X oculars. The cornea was illu'”|'

nated with a 16 amp. 6-volt Mazda microscope illuminator lamp wit
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the imago of the filament focussed on the eye ball. Tbe light beam was

allowed to pass through a nickel chloride solution to remove most of

the beat. Tbe beam of light was horizontal and the limbus was observed

from above. By turning the eye so that it looked directly at the light,

and allowing the light to fall on the lower portion of the cornen, the

eye ball was filled with light and fbe limbic capillaries became easily

visible against a brilliant white background. Small rats were held un-

anestbetized in the proper position with the eye hall protruding through

tension with tbe fingei's on either side of the eye. Larger rats were

lightly anesthetized with ether. In some cases tbe limbic vessels were

more easily observ'cd after dilatation of the pupil with ‘is/o bomatropine.

Tbe normal vessels which extend only 0.25 to 0.4 mm, into tbe cornea

were, however, more easily observed without mydriasis. Tbe length of

the capillaries was measured by comparison with the separation be-

tween hairs placed in tbe ocular of the mievosoope. Tbe vessels were in

some instances photographed by mounting a camera (Loveland, ’43)

over one eye piece of the binocular microscope and judging the focus

through the other eye piece. When the rat was quiet and the vessels

exactly in focus, the camera shutter was tripped with a foot attachment.

The three types of trauma used in sUidying the corneal response to

injury were produced in tbe following way: The corneal ep'itbelhim

was removed with sand paper. It was difficult to avoid some injury to

tbe underlying stroma as well. With damage to the stroma, healing

was greatly delayed. This introduced a factor difficult to control. Tlie

trauma from acid was produced by applying nitric acid, IN or 5N, for a

clefinito length of time with a rvooden applicator which bad been re-

duced to about 4 mm. in diameter and which rvas provided with a thin

cotton wrapping to give a total diameter of about 1 mm. By dipping

thi.s applicator in the diluted niti'ic acid and applying it at right angles

to the cornea, a damaged area 1 mm. in diameter could be produced.
Tbe irradiation with ultraviolet light was accomplished by anesthetiz-

ing the rats w'ith Nembutal, binding one eye open with adhesive tape
and exposing the open eye to the light from a General Electric H4
mercury vapor lamp. The bead of the rat was hound to a board with a

’ strip of adliQsive tape held in place with tliuinb tacks. In this way the
- cornea was kept at a standard distance (5 cm.) from the envelope of
! tbe lamp. Of the three typos of tranma produced, this last was the most
' reproducible.
‘ The changes resulting from riboflavin deficiency were gi’ouped aecord-
ing to (a) length of corneal capillaries; (b) alteration of the capillaries,

> i.o., enlargement, bulging and sprouting; (c) turbidity of the cornea’
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only did ultraviolet illumination alone, or exposure to ineaiuloscent

lamps alone fail to decrease the corneal riboflavin concentration, Init

the combination of the two types of illumination was equally ineffective

in lowering the riboflavin in the cornea, Altliough light exerts a strik-

ing etfect, this does not seem explicable on the basis of riboflavin de-

struction. These observations indicate that although mild .riboflavin

deficiency does not lead to handicaps in healing of corneal injuries duo

to light, there is a degree of deficiency beyond which very definite baiuli-

caps result. Whether riboflavin deficiency is specific in this respect, or

whether it is a response common to other deficiencies, cannot be decided

TABLE 2

Time of exposure to nltraviolct light required to produce definite corneal changes.

NORMAI^ ADULTS adults riuoflavin YOUNG RATS RIBO'

FED dkficiekt for FLAVIN DEFICIENT

Kormai

Normal

Jibe-

17dn5-s!> ao day.s
Quiescent Growin;

cnpillnrics cainllarUs

flavin -

Hats kept Minutes

in darkness required 28 28 25 15 18 12

between

irradiation
Number of

animals (19) (0) (5) (4) (4). (2;

Rats kept

in light

Minutes

required 10 10 10

between

irradiation
Number of

animals (8) - (4) (4)

' Bats eitlier on diow (3 pg. per gm. of diet) or purified diet plus 21 Mg- riboflnvm per d’J-

Forty pg. extra riboflarin daily.

“No corneal clianges visible before irradiation.

without further studies. It does seem clear, however, that the effects

from light and the effects from riboflavin deficiency are independent

factors.

The other two types of corneal trauma emplojmd, mechanical injur;

by removal of the epithelium and chemical injury with nitric acid,

proved to be less uniform and less sensitive methods (table 3). Neitlicr

the light in itself nor the riboflavin deficiency alone retarded healing

a degree detectable by these methods. However, the combination ot

light after injury and riboflavin deficiency did lead to striking band’-

caps. The lack of sensitivity of these later methods may possibh’ i'T'

ascribed to the surface nature of the injuries compared with the pm

sumably more penetrating characteristics of the injury caused by nhf''’'

violet light. However, the possibility must be considered that light ma)
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TABLE 3

Per cent recovery * of cornea S io 7 days after frrtuma.

ADVt-TS KEPT IN DAttS ADULTS KEPT IN MOKT

A’ormnJ ^ JCormal * Rihoflarin
nhoflaTm* atficient*

yermj? -
Kormal +
rvboflovin *

Hiboflavin
deficient ‘

Removal of

epitlieliiim 60 63 68 50 68 0

Number of

animals C6) (3) (3) (6) (3) (3)

.5N HNOjfot
15 seconds 52 32 50 72 50 18

Number of

animals (G) (3) (3) <8) (3) (3)

‘ The Ccrivatiou of these average percentage figures is Based on au arbitrary percentage scale

and these values should not be taken to indicate that the measurements could be made with great

precision (see test).

* Three >ig. riboflavin |>er gram of diet (chow) or about 30 ftg. daily.

* Forty Mg. extra riboflavin per day or a total of about 70 Mg. daily.

* Thirty days on riboflavin deficient diet.

be more damaging to an injury produced by light than to other types of
injury.

Influence of riboflavin on the development of “spontaneous”
capillaries

Older rats on a dog choir diet fi-equentiy develop corneal vascularity
which may occasionally approach the severity of invasion observed in
riboflavin deficiency. To test the influoiice of added riboflavin on this
“spontaneous” corneal vascularity, a group of twenty rats were put on
a chorv diet at the time of weaning. Six of these rats were given an
extra supplement of 35 ag. of riboflavin per day. At the end of 66 days
the average capillary lenstb in the control group was 0.30 mm. (S.E.=
.02 mm.) and in the group receiving extra riboflavin 0.35 mm. (S.E.=
.07 mm.). By the end of 131 days some of the rats in both groups had
corneal vessels definitely longer than “normal”. Those "raised -the
average capillary length to 0.5 mm. (S.E.= .0T mm.) in the control
group and 0.64 (S.E.= .01) mm.) in the group witli added riboflavin.

Tlie failure of added riboflavin to influence the incidence of “spon-
taneous” capillaries in these rats as well as the proof that corneal ribo-
flavin is not affected by ultraviolet light in spite of capillarv invasion
therefrom, re-emphasizes the fact that riboflavin deficiency is onlv one
of a number of conditions which will lead to corneal vascularization
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SUMMARY AND CONCLUSIONS

1. Brilliant continuous illumination with incandescent lamps did not

augment the changes in the cornea and conjunctiva resulting from ribo-

flavin deficiency.

2. The healing of injury of the cornea resulting from ultraviolet light

was handicapped by brilliant continuous illumination from incandescent

lamps and by protracted riboflavin deficiency. However, the failure to

observe an effect of either visible or ultraviolet light on the riboflavin

content of the cornea indicates that this handicap is not the result of

local destruction of riboflavin by light but due to some other cause. The'

healing of injury due to milder trauma, that involving primarily the

epithelium, was not affected by either light or riboflavin deficiency alone

under the conditions of these experiments. However, a combination of

these two factors did lead to definite handicaps.

3. High riboflavin intake failed to prevent the occurrence of “spon-

taneous corneal vascularity” occurring in a normally nourished rat

colony.

4. The variety of agents and deficiencies which will induce corneal

vascularization indicates the need for caution in interpretation of cor-

neal vascularization in man.

LITEBATUBE CITED

BesSEY, O. a., and O. H. LoVby 1944 Ftictors influencing the riboflavin content of the

cornea. J. Biol. Chem., vol. 155, p. 635,

Dempsey, E. W. Personal communication.

Duke-Eldeb, Sir W. Stewart 1942 Text-Book of Ophthalmology. Vol. II, St. Louis, The

• C. V. Mosby Company.

Loveland, B. P. 1943 Simplifie'd photomicrography- with a hand camera. Science, vol. 97,

p. 24.

National Besearch Council 1943 Inadequate diets and nutritional deficiencies in the

United States. Their prevalence and significance. Bull. National Research Council,

no. 109, (Nov.).

Nutrition Reviews 1943 Specificity of the ariboflavinosis syndrome in man, vol. 1, p. 327.

Sydenstricker, V. P., W. H. Sebrell, H. M. Cleckley and H. D. Kruse 1940 The oculai

manifestations of ariboflavinosis. J. Am. Med. Assn., vol. 114, p. 2437.

Tisdall, P. P., j. P. McCreary and H. Pearce 1943 The effect of riboflavin on corneal v.is-

* cularization and symptoms of eye fatigue in B.C.A.P. personnel. Canadian ilei-

Assn. J., vol. 49, p. 5.

WiEHL, Dorothy G., and. H. D. Kruse 1941 Medical evaluation of nutritional status. 1-

Prevalence of deficiency diseases in their subclinical stage. Milbank Quart., vol. 19,

p. 241,

WoLBACH, S. B., AND O. A. Bessey 1942 Tissue changes in vitamin deficiencies. Pli.vsiol-

Bev., vol. 22, p. 233.



COMPARATIVE EEEECTIVENESS OE VARIOUS IRON
COIiIPOUNDS IN PEOMOTING IRON RETENTION

AND HBMO'GLOBIN REGENERATION BY
ANEMIC RATS

SMITH FBEBMAN AND MARIE W, BURBILL ,

^ITH IHE IZCHNICAL AESISTAKCE OP MARGARET ORIESSER

Department of Vhysiologp, ^orthtDestcrn University Zledical Scliodl, Chicago

(Received for publication June 15, Isis')

Iron compounds used for the enrichment of bread and flour should

possess two qualifications. Pii'st they should be utilized by the body

and secondly, they should have no adverse effect upon the preservation

of flour (Fed. Reg., ’41). Most compounds of iron that are readily sol-

uble in water and dilute acid cause flour to become rancid or to have a

decreased vitamin content (Gillet, ’45). Sodium iron pyrophosphate

seems to have no adverse effect on flour, but there is some difference of

opinion as to the effectiveness of its utilization by the body. Nakamura
and Mitchell ( ’43) reported a relatively high degree of utilization of

this compound in anemic rats while Street (’43) found it to have only

about half the effectiveness of ferrous sulphate in promoting hemoglobin

regeneration in anemic rats.

The present study was undertaken to compare various iron com-
pounds used for the enrichment of bread and flour as to their effect on
iron retention and hemoglobin regeneration in anemic rats. The com-
pounds were not only tested as such, but were also compared when used
as the fortifying ingredient in specially prepared breads. Some obser-

vations were also made on the efficacy of two iron compounds in pre-
venting anemia in milk-fed rats.

METHOnS

Hemoglobin was determined by the method of Wu ( ’22) as adapted
to a photoelectric colorimeter. The white blood cell pipettes used for
hemoglobin estimations were calibrated on a standard blood of known
iron content. The iron analyses by the thiocyanate method were done
as previously described (Freeman and Ivy, ’42) with only one modifi-
cation. Immediately after extraction of the iron thiocyanate with iso-

293
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amyl alcoliol, tlie colorimeter tubes containing tbe extract Avere Avarmod

in a AAmter bath at 40° C. for 5 minutes and tben read.

Tbe rats used in tbe experiment Avere distributed among the various

groups according to Avejgbt and sex so as to make tbe groups as uuifovm

and comiiarable as possible. .

Anemia Avas produced according to tbe method of Elyebjem and Koin-

merer (’31) using cages that AA-'ere described previously (Freeman and

Ivy, ’42). Tbe rats Avere depleted on a milk diet until tbe bemoglobiii

concentration t\ms approximate^ 3.0 gm./lOO ml. of blood. This degree

of depletion usually required 35 to 45 days after Aveaning (21 day.s of

age).

Tbe depleted rats received the iron compounds under study as a

supplement to tbe milk diet AA'bicb Avas offered ad libitum. The iron

compounds AA’^ere mixed AAutb cane sugar in such proportion that 1 gni.

of tbe mixture contained 0.25 mg. of iron. Tbe iron content of the mix-

ture Avas verified bj^ anal3'sis. Tliat amount of iron-sugar mixture pro-

viding 0.25 mg. of iron daily for 28 days (as determined by analysis)

AA’as divided into 28 capsules (no. 000). Tbe contents of one capsule

Avere fed daily in a clean salt cellar AAutb added thiamine chloride (10 y)

and copper and manganese as sulphates (0.05 mg. of each). The daily

supply of milk Avas Avitbbeld until tbe supplement Avas consumed.

Tbe breads containing tbe Amrious iron compounds xvere made from

a dough of tbe folloAving composition: ^ flour (unenricbed) 100; Avaicr

65; yeast 2; salt 2; sugar 5; milk (dried skim) 3; ymast food 0.5; and

lard 2.

To this basic mixture Avas added an amount of iron AAdiicb Avould give

0.20 mg. of extra iron to each 5 gm. of air-dried bread or 18 mg. of extra

iron per loaf of bread.^ Tbe iron salt Avas thoroughly mixed Avith tk

dry ingredients before tbe dough A\ms prepared. Tbe baked bread wi;

sliced, air-dried, ground, mixed and analyzed.- According to tbe anal-

A^ses, tbe amount of dried ground bread AAdiicb contained 0.27 mg. of h'O’’

Avas 4.5 to 5.0 gni. This amount of bread A\ms fed daily to tbe e.xpch-

mental animals. The control rats recehmd tbe same amount of the plain

bread AAdiicb contained 0.07 mg. of iron by analysis. Milk Avas offered

tbe animals only* after tbe bread AA'as completely consumed.

Tbe rats AA’ere killed after 28 day^s on tbe supplemented diet. Hemo-

globin determinations AAmre made on tbe seAmntli, seventeenth and

tAventy-eigbtb day's.

’ Prepared I).v the Americ.an Institute of B.ahing.
,

^

This amount of iron is sliglitly in excess of that recommended for tlio enriclimcnt of

and flour by the National Research Council. See Bull. Nat. Res. Council, no. 110, Nov. m- •

"Enrichment of Plour nnd Bread”.
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In the part of the study concerning prevention of anemia in milk-fed

rats by iron compounds, the weanling rats (21 days old) were given

0.25 mg. of iron daily either as ferric chloride or sodium iron pvro-

phosplinte in a sugar mixture similar to that described above. The con-

trol group received the sugar alone, Bach day, after the sugar or sugar

mixture was entirely consumed, the rats were given milk ad libitum.

Hemoglobin values were determined at 15, 30 and 40 days, At 40 days

the rats rvere killed and the carcasses analyzed for iron content. Hemo-

globin and iron determinations were also made on 21-day-old rats that

only bad access to milk since the twelfth day of life.

RESULTS

The iron content of the carcass after 40 days of depletion was found

to average 0.94 mg. per rat (see table 2). This value was taken as the

iron content of all the depleted rats used in this study and the retention

of iron from any supplement was calculated by subtracting 0.94 from

the final iron content of the carcass. The total iron intake from bread

or supplement divided into the iron retained by rats on the supplement

times 100 gives the percentage retention from various sources. The
relative iron retention was calculated by comparing retention from

other sources with that from ferric chloride. The high relative reten-

tion of the iron contained in plain broad is in accord witli the finding of

Smith and Otis (’37), who showed that small amounts of iron result in

a relatively greater hemoglohiii regeneration by anemic rats. Accord-

ing to these same authors, the total daily amount of iron fed in those

experiments is at the upper limits of the range over which there is a

direct relation hotweeu liemoglobin rogeiioratioii and iron intake. The
data ropSrted here demonstrate a direct relation between iron retention

and hemoglobin regeneration.

Iron retention and hemoglobin regeneration by anemic rats on the
variou.s iron salts when fed as such or contained in bread are presented
in fable 1. These data show a good correlation between hemoglobin con-
centration and the iron content of tlie carcass.

The rats which received ferric chloride with sugar or in broad .showed
(bo groate.st iron retention and hemoglobin formation.

Iron retention and hemoglobin regeneration for sodium ferric ovtho-
phosphafe, both as the salt and in bread, and for ferric orthophosphate
in bread were only slightly less than for ferric chloride iron. Beduced
iron was somewhat less effective, both as the salt and in bread. Sodium
iron pyropbosphato was the least effective of the. compounds studied,
poubliug the daily intake of this salt was without significant effect upon
iron retention or hemoglobin regeneration.
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ferric ortliopliospliate= ferric orthopliospliate > reduced iron > sodi-

um iron pyropliospliate (table 1). The order is the same whether hie

rats were fed the compounds themselves or received bread containin?

them. The relative degrees of hemoglobin, regeneration for the coin-

pounds or enriched breads also give the same order whethcV determined

after 7, 17 or 28 days. For this reason only the' final hemoglobin values

are included in the table.

Street ( ’43) studied hemoglobin regeneration in anemic rats and ob-

tained results which indicate essentially the same relative utilization of

ferrous sulfate and sodium iron pyrophosphate as that which we have

obtained for ferric chloride and sodium iron pyrophosphate. The

higher hemoglobin concentration on sodium iron pyrophosphate re-

ported by Nakamura and Mitchell (’43) may be due to the relatively

low weight gain of their rats during the experimental period. The de-

gree of anemia was also less in their animals at the beginning of the

experimental period. Iron retention was greater in 21 days for tlirco

sodium iron pyrophosphate rats reported by Nakamura and Mitciiel!

than for our 28-day animals maintained on the same supplement, while

ferric chloride retention was relatively greater in our animals.

The uniformity of iron retention and hemoglobin regeneration by

anemic rats on a given compound is illustrated by the data obtained on

three different groups of rats fed ferric chloride. These three groups

w'ere controls for rats fed sodium iron pyrophosphate, reduced iron

and sodium fen-ic orthophosphate. The three groups were studied at

different times and the rats were from different litters. There is good

agreement among the three .groups both as to iron retention and hemo-

globin regeneration. "Variation in hemoglobin regeneration is greater

than for iron retention but the hemoglobin increase is also greater so

that the impression derived from either determination is generally

much the same. In studying the efficacy of a given iron compound as a

soui’ce of iron, iron content appears to be a .more direct measure fhaa

hemoglobin concentration. Other factors than iron absorption may af-

fect hemoglobin regeneration and the concentration of hemoglobin ni

the blood is subjected to other factors that influence blood volume. Th

influence of growth on the concentration of hemoglobin in animals wiili

a similar iron retention is well illustrated by groups 4 and 5, fed dif-

ferent amounts of sodium iron pyrophosphate (table 1). Althou.gh iro'>

retention was essentially^ the same for the two groups, the liemogloh'"

increase of group 5 was on an average about 2 gm. higher -wliilo On'

weight gain of this group was only slight^ more than half tlinf of

group 4.
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In tile prevention of anemia in weanling rats, the relative iron reten-

tion of ferric chloride and sodium iron pyrophosphate rvas similar to that

obtained in the depicted rats (see table 2). So far as hemoglohin forma-

tion is concerned, this experiment is theoretically complicated by the

fact that the diet is deficient in copper and manganese. If those two

substances are supplied the development of anemia may he retarded,

white if those substances are not supplied hemoglobin formation may

bo influenced by their absence as well as by the availability of iron. At

the end of this experiment the variability both of hemoglobin and total

iron content was greater for the rats fed ferric chloride than was the

case at the end of the depletion experiments (see table 1).

The prevention of anemia in milk-fed rats offers a method of evalu-

ating iron compounds which has certain desirable aspects. This pro-

cedure saves time since the experiment is ended by the time the control

animals are depleted which is actually the starting point in the depletion

experiments. Thus the prevention method covers a span of 40 days’ time

while the depletion method in our experience takes CO to 70 days. During

depletion some rats do not grow sufficiently or develop respiratory tract

infectious and have to he discarded as unfit for experimental material.

This loss, representing considerable wasted time and effort, is reduced

when the source of iron is fed from the time of weaning, only the control

group being subjected to these hazards. The hemoglohin and total iron

content of the twelve rats killed at weaning in the present experiment

(table 2j indicate that the rats at this ago were quite uniform when
treated as described by Elvchjem and Kemmerer ( ’31).

SUMMARY

1. The retention of iron from different sources by anemic rats -was

qualitatively aud quantitatively similar irrespective of •whether the

iron salts wore fed as such or contained iu bread.

2. The various iron compound? tested showed the following order of

effectiveness with respect to the relative degree of iron retention and
hemoglobin regeneration produced in anemic rats: ferric chloride > so-
dium ferric orthophosphate= fcn-ic phosphate > reduced iron > sodi-
um iron pyrophosphate.

3. Prevention of anemia in milk-fed rats given supplements of ferric
diloride or sodium iron pyropliasphate for 40 days after weaning (21
days) gave results for relative iron retention and hemoglobin regenera-
tion similar to those obtained with depleted rats fed the same supple-
ments for 28 days.
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More than fift}- reports can be cited in the literature of the last two

decades which deal rHth gastric lesions of nutritional origin. Fridericia

et al. (’40) and Sharpless (’40; ’43) have reviewed the literature from

different points of view. Attempts to establish specific deficiencies as

responsible causes have not led to very acceptable conclusions. An
clement of complexity is introduced by the fact that three types of

lesions have been identified (Berg, ’42), each characteristic of one of

the throe types of epithelial coats which make up the gastric mucosa

of the rat (figs. 1, 2 and 4) of this and figs. 1-3 of the succeeding paper).

It appears that less progress has been made in clarifying the relations of

individual factors to gastric epitlielium than has occurred in the more
recent field of study which deals with skin epithelium and the factors

necessary for its normal maintenance.

Orienting experiments were begun several years ago with repetitious

of the experiments of other investigators. llTrile our first observations

were based on frankly multiple deficiency diets (e.g,, diet 872 of table 2)
on which all three types of lesions can be produced in the same rat, our
aim was to identify individual deficiencies with the abnormal behavior
of the epithelium. We have published two brief reports on antral
lesions and calcium deficiency (Zucker and Bei-g, ’43

;
’44). This and the

following paper deal with more detailed observations on all three re-
gions of the stomach.

TECHSIQBE

To prepare a stomach for observation the esophagus is cut at its
entrance to the stomach and about 1 cm. of duodenum is left attached.
The stomach is then cut open along the greater curvature and stretched
out with pins on cardboard prior to fixation in 47c. formaldehyde solu-
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tion (a 1 to 10 dilution of “formalin”). This places the region of the
lesser curvature (called antrum or prepyloric region) in the center

with the two parts of the cut fundus (also called body or fornix) on tbe

sides and the rumen (forestomach) above. The esophageal opening is

in the center of such a stretched specimen. Figure 1 shows a normal
rat’s stomach photographed against a white background to show the

Fig. 1 Stomacli of a normal rat opened along the greater curvature and stretched out fld

on cardboard. Tliis stomach was photographed against a wliite background and in the

state thus retaining the color in order to differentiate the various regions. All tlie other speci-

mens in this and the succeeding paper rvcrc fixed in formalin and have lost tlic natural color of

the fundus. The.y were photographed against a black background so fiiat the lesions woiiH

show to better advantage. The transparent area above the dividing ridge is the rumen (fore-

stomach). Below the ridge is the glandular part of the stomach. Separated from this by *1“’

pylorus is the duodenum. The glandular area is subdivided into the fundus (dark, thicker) and

tlic antrum (translucent, thinner). The esophagus enters near the juncture of the three region!'-

Tn tlie rat tlie antrum secretes no acid whatsoever— only mucus. The glands of the fundus con-

tain the acid and pepsin secreting cells. This region is also the most vascular,
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transparent nonseoretory rumen above the dividing ridge which sepa-

rates it from the glandular portion consisting of the acid secreting

fundus and the non-acid mucus secreting antrum. The latter portion of

the stomach has a smooth translucent appearance. In the normal

stomach the only interruption of the smooth surface consists of lymph

nodules which can be distinguished from lesions in microscopic section

and which when counted in groups of animals average one or less per rat.

The appearance of the typical antral lesions of calcium deficiency is

shown in figure 2. The circumseribed raised areas are due to hyper-

plasia of the glandular epithelium. The center usually shows a pin-

Fig. 2 Antral lesions (4-week Ca deficiency). Rumen and fundus are normal. Lesions in
tile antrum are sharply circumscribed raised areas with central pita or grooves which may show
either a white or red central dot or may be clear. The location of most of the lesions near the
pylorus, as in this figure, is rather typical although at times the whole antral area m.ay be
covered.
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point laemorrbage or a white plug consisting of fibrin and leucocytes

with hemoglobin no longer present. The variation in size of the imli-

vicinal lesions in a given stomach is not always as largo as shown in

figure 2. Without microscopic examination of sections a Ijnnph uodnlo

cannot always be distinguished from a hyperplastic lesion. In the

tables the severity of the condition is expressed by the incidence figure

(i.e., fraction of animals showing abnormal antrum) and a mean count

of lesions per rat.^

TABLE 1

Produciion of lesions hy calcium deficiency.

ADDED ; WEIOHT- IN CM. AT I ANTRUM

SERIES '

Ca P

j

28 days 5C days

NO. OP
BATS

Count Inci-

dence *

Control
1

0.6 0.4 49 105 124 0-5 4%
1 Experi- !

1

mental 0.0 0.4 ' 53
)

77 134 11.9 6H

Control
i 0.6 0.4 65 174 94 '

0.2 29'c

2 Experi-
j

i

mental .

1

0.0 0.4 65
j

101
1

141 13.0 859f

‘Series 1 has 20% protein, series 2 has 27%. Series 2 has more B comple.v than series 1,

For composition of diets see table 2; diets 904, 905 and 1009 are typical members of series 1

and diets 1015-1017 and 1029 are typical members of series 2,

‘ Sexes are equally distributed in each group. There is always a large sex difference in growth

in the control diets of series 2, less difference in the control diets of series 1 (due to protein

content which is suboptimal for males, Zucker and Zucker, ’43; ’44) and little sex difference on

the Ca deficient diets. The rats in series 2 were larger throughout. On the same stock diet

within the same rat strain the breeders had been selected from large sized parents for seveml

generations.

‘ See footnote 1 below.

EFFECT OF CALCIUM DEFICIENCY

Table 1 presents two series of experiments, comprising a total of

493 rats. In each series the salt mixture of the control diets contributes

0.6% Ca, while in the experimental diets calcium addition was omitted,

Nearly 90% of the experimental animals showed a definitelj’ abnorniai

antrum, while the control diets resulted in a normal gastric mucosa

‘ In the incidence figure we consider an antrum not normal when more than one raised .area i.'

seen. This introduces less error than the inclusion of normal lymph nodules. The mean count

includes the lymph nodules and is of interest only if well removed from unit.v. Statistical com-

parisons of groups can be based on either kind of observation, using “ t ” for mean count .n'd

chi square for incidence. The mean count appears to be by far the more precise measure, i'c

give the incidence also because it has been the more customary measure and is the onl.v cue

which applies in studies of rumen and fundus.
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wliidi did not differ from tliat in the 198 animals of corresponding age

that were fed the stock diet. Inehided among the controls of the second

series are forty-eight rats on diets in which the B factors were supplied

in the form of liberal allowances of thiamine, rihoflaVin, pyridosine,

pantothenic acid and in some cases choline. As stated elsewhere on the

basis of a smaller series (Zucker and Berg, ’43), the experimental ani-

mals of series 2 showed lesions exclusively in the antrum, while those

of series 1 also had defects in other parts of the gastric mucosa. The
nature and incidence of the latter are discussed elsewhere (Zucker,

Berg and Zucker, ’45).

TABLE 2

CoMposUion of Aicts.'

DIET
^ PROTSIN

DIETART

Ca P
B COMPBEX SUPPLIED CARBO-

rnroR.vTE

1

872
j

12% Labco casein 0.80 0.34 starch

896
1

20% Labco casein 0.00 0.41 sucrose

S04 1 20% Egg albumen 0.01 0.45 5% Vitab sucrose

90S 20% Egg albumen 0.010 0.45 5% %'itab sucrose

909 20% Eire albumen 0.012 0.48 10% Vitab, 1.5 mg. B- sucrose

913 20% Egg albumen i 0.010 0.044 5% Vitab
j

sucrose

1009 20%TibTin ’

. 0.044 0.49 10% i

1

snetese

1010 ! 20% Fibrin
j

0.04 0.43
1

sucrose

1015 ' 27% Labco casein
1

0.60 0.41
1
5% Vitab, 0.1 mg. 0.5% yeast extract cerelose

1016 27% Labco casein
i

0.0037 0.41
j

5% Vitab, 0.1 mg. Bj, 0.5% yeast extract eerelose

1017 27% Lnbco casein ’ 0.0078 0.40 5% Vitab, 0.1 mg. B„ 2.0% yeast extract cerelose

1019 27% Labco casein
1

0.60 0.40 starch

1029 27% Labco casein 1 0.017 0.41
I
5% yeast extract cerelose

1035 27% Labco casein ! 0.24 1.24 1 5% Vitab, 0.25 mg. 0.75 mg. Ca cerelose

i

1
pantothenate

'All diets in this and the following paper have a total of 2% added fat, in the fom of re-

fined cottonseed oil containing 750 units vitamin A activity as carotene. Diets 872, 896, 1010

and 1019 contain 0.3% cod liver oil (replacing an equal weight of cottonseed oil). Diets 872
and 896 have 1% NaCl. All other diets contain 1.2% modified (Cn, P free) "Wesson salt mixture.

Ca is added as CaCO*, P as KHjPO,. The calculated Ca and P contents include the contributions

from all dietary constituents. Our analyses indicate the following Ca/P contents for the ma-
terials as used; Laheo casein 0.003/0.79; hot ethanol extracted fibrin 0.2/0.11; heated egg
albumen 0.04/O.OS4; yeast extract (Standard Brands brewers* yeast extract type 3) 0.27/3.5;

Wtab (rice bran extract, Vitab type 2) 0.034/0,54.

lu Hue uuth the extensive studies of Sherman and of Stecnhock, 0.6%
Ca has been found to he a reasonable value for normal control diets.

Wc have only roughly explored the region between near zero content
of Cn and this normal, or the effect of vaiwing the Ca/P ratio of the
diet on the antral count. In the case of studies on hone (Shohl, ’36) or
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on parathyroid (Stoerk and Carnes, ’45) significant ohservations are
possible over a wide range of Oa and P because both Ca and P deficiency

play a role. Since even extreme P deficiency ” does not lead to antral

lesions, tbe Ca/P ratio is of significance only insofar as it limits the ab-

sorption of Ca wbicb is, in this sense, specific. Table 3 shows some avail-

able data, of which the most striking feature is perhaps the persistence

of the lesions up to a Ca content of 0.2%. Figure 3 is a dose-action curve

TABOE 3

Effect of Ca level (%) and Ca/P ratio on incidence and lesion counts

Ca% 0.010 0.01 0.017
1

0.2 0.26 0.24
j

0.41

P% 0.044 0.43 1.89
j

0.24 0.42 1.24 ! 0.45

Ca/P 0.23 0.023 0.009 0.83 0,62 0.19
1

0.91

Count 5.0 12.7 21.1
I

2.8 6.3 4.4
1

0.4

Incidence 18/29 238/275 11/11 20/51 21/29 4/8 ! 0/22

'All of the experiments are of 4 weeks’ duration and the diets contain 20 or 27% protein,

adequate B complex and no vitamin D. Since the data do not represent matclied animals oi

even contemporary experiments, and since the numbers in some groups are quite small, no pit

cise comparison is intended. However, the simple relation between Ca content of the diet (wheo

P is kept constant) and lesion count displayed in figure 3 indicates that the results are at least

fairly consistent throughout. The lesions disappear at 0.4% Ca and are still present at aroiiml

0.2% Ca. There is a distinct effect of the Ca/P ratio which seems most marked at the lowest

Ca level.

Pig. 3 Conventional dose-action curve (action = antrum count plotted against log

= log % Ca in the diet). Kumbers indicate the number of rats averaged for each point. All tti’

diets contain 0.4 to 0,5% P and all experiments were run for 4 weeks, Differences in Ca ccafcul

result from difference in added CaCOi, as well as varying contributions from the other cob-

ponents of the diet. Tiio data arc taken from tables 3 and 0.

' We need not detail tbe results with current rickets producing diets used in vitamin D teshr?

as well as several diets low in phospliorus and otherwise adequate, since they were tiiiiferwl''

negative.
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for all tile data on diets in wliieli the Ca varies from 0.0037 to 0.6% and

the P is kept constant hetween 0.4 and 0.5% ; the relation between antral

count and Oa content of the diet under these conditions is good enough

considering the fact that the animals were not matched and the data

were collected over a period of 4 years.

TABLE 4

The effect of uitanu'n D on lesions of the antrum.

1

}

WXIf.nT <QM ) 1 ASTROiC
*5%
*1%PIET

{

i

1

CA% rVo CA/P 20
days

56
da>« [

Count Inci-
dence ‘ 1

<rs

1

t

“
1

913 1

O.OlO 0.044 0.23
‘

49 81
,

4.6 15/23 4.72

2.3

2.0

913 -f D 49 84 1 1.6 6/17 i 2.59 2.7

003,909

0.011 0,46 0.024

49 57 16.0
1

22/22 1 5.28

5.4

2.0

905 + D,909 +D; • 50 76
,

5.4 13/21
1

7.35 2.7

1029
i

i

o.ou 0.41 0.041

64 119 ! 11.3

i

16/18 ' 7.84

1

2.8
Qj

1029 + X»
1

64 153 4.6 n/is 6.47

1035 1

0.24 ‘l.24 0.193

60 130 4.4 4/8
j

6.32

1.7

2.7

1035 + D 61 163 0 0/6
^
0 3.0

Variance nnalysis of the oborc <Ja1a.

SOURCE or VARIATION
PEURCES or
freeoom

j

MEAN
‘ SQUARE T r-1%

Total 139
1

57.0

Experimental error 125
1

1
34.4

Vitamin D treatment 1
1

1256 37 6.8

Diet (Ca/P level, ratio) 3
1

1

491 1 14.3 3.9

Interaction of diet and
j

D effects
1

3 165
1

4.8 3.9

* See footnote 1, p. 304.

*<r is the standard deviation of the antrum count. The probability ratio *H*' is the measure
of the significance of the difference in the means for the individual comparisons

;
“F ” is tlie

significance measure for the variance analysis. The values which or must equal or

cvcecd for the 1% or 5% levels of significance arc also tabulated, (For methods, and the mean-
ing of “t” and *'F’^ see Snedecor, '40.) Obviously the D effect is overwhelmingly significant,

the Ca/P level and ratio have very significant effects, and the extent of the D effect depends
on the Ca/P level and ratio (interaction term). The serum Ca on 1029 -f- D (8.1 mg. per 100
nil.) is distinctly below normal althougb higher than the level found for 1029 (C.2).

Each comparison (with and without D) was made at the same time on rats matched for
weight, sex and Utter origin.
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Adminisiration of vitamin D
If the effect on the antral mncosa is due to Ca deficiency, one might

look for relief of the condition when vitamin D is fed. With extreme

low calcium content of the diet complete prevention cannot he expected

since not enough calcium is fed for the D action to lead to much hnprove-

ment of the net calcium balance. The definite existeirce of a D effect as

shovm in table 4 is further confirmatory evidence that the pertinent

deficiency is in fact calcium. Incidentally, rats produced on diets con-

taining cod liver oil have been found to be unsatisfactory subjects for

this kind of study.

Neutralization of gastric oddity

In the therapeutics of gastritis and gastric ulcers in man the admin-

istration of acid binding substances, buffers and neutralizing agents

has played a large role. The underlying thought is that the pathqlog)’

is referable to the irritating action of the acid. A good deal of experi-

mental work has been aimed at ascertaining whether or not HCl can be

expected to have such action on living mucosal epithelium. Henning

and Norpoth ( ’32) after an impartial review of both sides of the problem

conclude that neither in their own work nor in any previous publica-

tions is there any cogent proof for either side of the argument. In

view of the fact that the sole difference between some of our experi-

mental and control diets consists of quite appreciable amounts of CaCOj,

it seemed worthwhile to ascertain whether other materials having

equivalent neutralizing action on the gastric contents would also act as

preventives. Table 5 indicates that three agents which have been used

therapeutically, namely, bicarbonates, secondary phosphates, and alu-

minum hydroxide, have no discernible alleviating effect on antrum

lesions produced in the manner here described. The phosphate appar-

ently makes things worse. This latter result is, additional evidence for

a specific calcium effect.

Possible factors concerned in the hemorrhage

Our own observations as well as those of others indicate a generalized

tendency to hemorrhage in calcium deficiency (Zucker and Berg, ’4i)-

Since hemorrhage is one phase of the antral pathology, attempts were

made to find some intermediate processes leading to such an end result-

Deficiency of ascorbic acid and mtamin K lead to hemorrhage and bolb

of these substances are synthesized in the normal rat. The thought tbat

calcium might be involved in either of these syntheses seemed worfn
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investigating. Conditions which will distnrh ascorbic acid synthesis in

the rat have been reported (Vedder, ’38; Peng, King and Longenecker,

’44). McCollum in a discussion of calcium deficiency and hemorrhage

suggests “that studies should be made of the possible relationship be-

tween calcium deficiency and ascorbic acid synthesis” (McCollum et al.,

’39, p. 158). The possibility of inadequate ascorbic acid production ns a

T.VBI.E 5

E'S'cet of all:alin\zing agents on antral lesions.

SUPPtSMWNTS TO I

DUET 1029 *
i

DIXTABV WEianV (OM.) AT
i

28 56 62

1

daTB dkT&
1

1

5CROU !

CA
1

1 i

1

Count

ASTRUit
Inci-
dence*

0.017 0.41
1

64 119
1

1

1 !

! 1

1

i

ll.S 16/18 7.84

1.5% CnCO,
^

0.G3 0.41
'

1 64 194 1 12,0
^

‘ 0.06 0/18 0.24

0.8%AI(OH).
'

0.017 0.41
i

64 120 5.9
^ 14.2 10/12 11.1

1.2%NnHCO, ‘

3.6% KHCO,
^

0.017 0.41 63 120
!

5.5 14.4 10/12 12.4

3.2% NttsHPO, .

4,6% K,HPO,
j

0.017 1.89 ' 63

[

98 ’ 5.4
'

' 21.1 13/11 7,67

1.5% CaCO,, 6
i

day curative ;

1

03 118 147
‘

,
11.5 2.1 5/12 3.17

*The bicarbonate is equivalent in acid neutralising power to tlie CaCO,. The effective neu-

tralizing poorer per gram for gastric acidity of fbe Al(OH), is not immediately obvious?

statements on dose appear to be based on Us action as a triacid bnse^ and we have supplied it

accordingly. The secondary phosphate was fed in relatively larger amounts because we wanted

to get a maximal effect and knew from previous erperiments that the animals would take this

much. The effect of adding CaCO„ either throughout or for a curative period of 6 days, is

highly significant (t^fi.l and 3.8, respectively). The effect of adding bicarbonate or Al{OH),
is not at all significant. The increase in lesion count due to secondary phosphate is highly sig-

nificant (t= 3.3) and this can be ascribed to the much less favorable Ca/P ration. The two

CaCO, experiments preventive and curative— give results significantly different from each

other (t= 2.7) indicating that a 6-d.ay cure is iacomplote,

* See footnote 1, p. 304.

factor in the stomach condition w'as tested by feeding to a group of rats

on the calcium deficient diet 1029 a daily dose of 10 mg. of ascorbic acid

(freshly dissolved in 0.1 ml. water). The group receiving the supple-

ment of ascorbic acid averaged seventeen lesions per rat, which is a bit

high when compared with contemporary controls. With regard to the
occurrence of a secondar-y K deficiency both feeding of 10 mg. K, (2-

methyl, 3-phytyl, 1,4-napthoquinone) per 100 gm. diet, and prothrombin
estimations (Campbell et al., ’41) were resorted to. The experimental
and control groups, each consisting of •nineteen rats, showed no differ-
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ence in the intensity of the hemorrhage, and both antral eouids were
fifteen per rat. The prothrombin times for the control and K-fed ani-

mals averaged, respectively, 31.3 and 31.2 seconds
; the difference was

not significant. Supplementation with calcium did not affect tbe pro-

thrombin time.

Other possible mechanisms of the calcinm effect .

FurthO'i- investigations of possible mechanisms including tissue analy-

sis are under way, but so far little progress has been made toward

establishing a connection between calcium deficiency and either tlie

hyperplasia or the hemorrhage. There are persistent indications in tbe

cancer literature (for review^ see Shear, ’33) that hyperplasia of epi-

thelial tissue is associated "with a local low’- concentration of calcium. If

some of the older interpretations are brought in line with more recent

findings (Carrothers and Suntzeff, ’44) many of the inconsistencies dis-

appear. In tissue cultures, Simms ( ’44) found that growdh of epithelial

cells is favored by low-calcium and high-phosphate content in the medi-

um, while the opposite is true for connective tissue. Interesting rela-

tions of calcium to mucus secreting glands (the rat’s antrum is com-

posed entirely of this type) have been studied by Grant (’42). The

problem is not wnthout interest when we consider that calcium deficiency

leads to highly reproducible lesions in circumscribed areas limited to

one region of one part of the gastrointestinal tract with hemorrhage in

other regions showing up only much later and hyperplasia appearing

in no other places.

EFFECT OP B BEFICIENCY

In a paper entitled ‘‘Incidence of gastric ulcer in albino rats fed diets

deficient in vitamin B (Bi),” Dalldorf and Kellogg (’32) describe le-

sions ^ similar as to their location and identical in their histology with

those which we have obtained in calcium deficiency. Such results were

also reported by Sure and Thatcher ( ’33) and apparently by Drummond

et al. (’38). Drummond’s characterization of his ulcers is somewhat

uncertain. We also have verified these findings (line 1, table 6, and fi,2-

4). The lesions are obtained in 4 weeks on diets supplemented with

pure B factors other than thiamine, with autoclaved yeast (as in Dall-

’The meaning of “ulcer” and “erosion,” the other term frequently used, is highly depc’'^'

ent on the school of thought to which the investigator belongs. In order to avoid arguments not

pertinent to the experiment.al mucosal changes here under discussion, sve use the term “lesion

concerning which there need by no argument. We have, however, no particular quarrel .mtfc

anyone who rvishes to call his' lesions ulcers.
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dorf’s experiments), or with B complex deficiency. Dalldorf identified

the lesions only microscopically and deduced their location from the

histologj’ of the surrounding tissue. In properly stretched specimens,

the lesions can bo seen grossly. They are neither as large nor as promi-

nent as those in animals subjected to calcium deficiency for an equal

length of time, nor is the incidence or the mean count ever as high. In

all respects they resemble the appeai'anco obtained after about 2 weeks

on calcium deficiency. They are not produced by leas than 4 weeks of

tliiamine deficiencj’.
TABOE 0

Effect of cnlciitm level in B defteient diets anti of <?iinmine IcvpI in calcium deficient diets.

CM.CIUM Tin.VMlXE
KO OF
R.VT^

1 ANTRUM
1 COUNT a t

pm /lOO ejm
»>ff /too ffm

0.6 or 0.8 ‘ no thinminc 307 5.34 i 5.6

or 7.4

1,9 to 3.8* «o B complex 97 1.02 2.1

0.01 47 12.7
i

0.04
0.75 10 9.7

;

0.0037 1.2 9 24.7
1

O.OI 42
'

14.5

0.04
1

1.6
9 , 8.7

;

0.0078 1

1
2.65 15 18.1

1

0.017
i

4.5 117 12.1
j

* Included in line 1 are all of the animals on diets 872, 896, JOlO and 1019.

* Included in line 2 arc 47 rats on the awloclaved stock diet, plus rats on diets 872, 896, 1010

and 1019 with additional Ca and P. In all cases the Ca/P ratio is 1.5 to 2.0. Tlie preventive

effect of additional Ca in a B deficient diet is highly siKiiificant. The further addition of B
complex (since thiamine is the single B factor whose absence leads to antrum lesions, the B
complex .addition is measured by thiamine content calculated from dnt.n supplied by the manu-

f.ncturers of the various B concentrates) has no effect on the lesion count The scries of diets

with B complex present all have a P content of 0.4 to 0.59r. The antrum count on these diets

is quite definitely dependent on the Ca content, not the thiamine content.

Prcvnntion with increased calrium

In the last week on a B deficient diet the food intake is reduced to

roughly 15% of the intake for the same period of a calcium deficient

diet and 10% of the intake of a normal diet; the calcium level in the diet

under tlioso conditions can be misleading as far as tlie relative calcium
intake is concerned. It appear.s to be true (table 6) tliat added calcium
.snppleincuts entirely prevent the lesions even if the food intake is lim-
ited by tliiamine deficiency. On tlie other hand, it is seen in table 6 that
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adding thiamine to a diet already adequate in this respect hut dofieienl
in calciinn has no effect on the antral count.

The data show clearly that presence or absence of the dishn'hmwe in

the mucosa is dependent on calcium. The reason, however, wliy thiauiine

deficiency should have an adverse effect which is mitigated by added

Fig. 4 Antral lesions (4-week B complex dcficieney). Tlic lesion defects arc small pits ac-

companied by little or no surrounding hyperplasia. This stomach also illustrates the occurrence

of fundic hemorrhage (sec succeeding paper).

calcium cannot be established from the data now available. We do not

know (1) whether in intermediary metabolism the calcium requireinonl

is increased by thiamine deficiency, or (2) whether a mucosa deficient

in both thiamine and calcium is more subject to attack (or less capable

of carrying on healing processes) than a purely calcium-deficient one.

or (3) whether the efficiency of calcium absorption is reduced by tbio-
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mine deficiency, or (4) rrlietlier the decrease in food intake lowers the

ealeinm ingestion to the point where deficiency symptoms are produced.

Attempts now under way to establish a separate, possibly partial, role

for thiamine in the production or exacerbation of the lesions have not

yet yielded conclusive results
;
neither is there cogent evidence that the

thiamine deficiency operates exclusively through an effect on calcium,

either in the total or the inteimediary metabolism of this element.

A principal difficultj- with further experimental work is the variability

of results rvith B deficiency. "With calcium deficiency about 90% of the

several hundred individual animals show disturbances of the antrum in

4 weeks and every group gives an appreciable count. The lack of B,

however, gives no such regularity of results. The individual high counts

of over thirty lesions given by calcium deficiency are never reached, the

overall mean is distinctly lower (about 5 against 12) and group means

vary markedly including many zero values. We at first ascribed this to

a seasonal effect, since for 2 successive years we obtained negligible

counts during the summer months. However, it now appears that this

phenomenon of refractoriness need not be seasonal.

Effect of food restriction

During the past winter paired feeding experiments with total B defici-

ency were carried out. The deficiency, or the food restriction in the

control animals, was so severe a strain that a number of deaths occurred

in both groups. Of the animals which survived the 4 weeks {nine pairs

and ten extra food restriction conti-ols), one n7iiraal on B deficiency and

two on food restriction sliowed results in the antrum. We may have

liad a run of animals more refractory to antrum effects and more sensi-

tive to the general B deficiency effects. The labor expended on each rat

is considerable, partly because the danger of sudden death from starva-

tion induced fundic hemorrhage (Zucker et al., ’45) makes it necessary

to feed the restricted animals (controls) twice every 24 honrs.'* Ap-

parently in the face of this extreme variability it will require a major

effort to solve the problem along those lines.

‘Besides matters of rationale, tlfC paired feeding experiment presents particular prolslems

of technique when one deals with highly reduced food consumption. For instance, while the B
deficient animals consume their reduced intake fairly continuously tlirough the 24 hours, the

artificially rpstricted controls, having been completely starved for 24 hours, with normal feed-

ing urge madly pounce on their food (or even the band which feeds them) and consume what
they got in a few minutes. To make conditions more similar factually the allotted food is

given to the control animals in dmded portions. Tlic difference between a single and divided

restricted allotment has been pointed out by Mitchell (J. Biol. Chem., vol. 58, p. 918 (1923)).
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STATISTICAL COXSIDKIiATIOXS

Cowgili ('3J)) ill a discussion of observations such as those of Dall-

dorf and Kellogg, stales; “The failure to secure ulcers in practically

every case . . . constitutes an argument in favor of the view that the

ulcers arise secondarily in the course of vitamin B, deticiency, probably

as part of the rcsjiouse of the stomach to a generalized systemic condi-

tion and not because the function of vitamin Bj is sjiecific in relation to

this organ.” Apjilying Cowgill’s criteria to our 8 weeks’ calcium clefiei-

cncy experiments (Ziicker and Berg, ’44) would ])ermit the conchision

60 '/.

n

"^1

20 rTxi

V

RtITRUtI LESIONS PER RRT

Kij;. n The intt-rviilH on tlio linrizontnl axis rojircscnt 0-a, oto., lesions per rat, with

only tile points 0. U!, find ;t2 niinilK’rod. Tlio viTtieal axis re|>r('sents tlie frequency in for the

Tnrioiis intorvals on tin- lesion count .scale. Tlio mean in each case is indicated by tlic dotted

line.

A : Ca deficient diet 1020 from -1 to 12 wcebs of nue; n — 2(1.

B: All Ca difficient dicta scrie.s 1 and 2 from -1 to 8 weeks of a>;e; n == 275.

C: Ca deficient diet 1020 from -1 to (5 weeks of ape; n = 28.

l>: 11 complex deficient diet .872 from -1 to 8 weeks of ape; n = 251.

We have been unable to fit these curves with binomial distribntinna.

For till' rationale of applyinp sipnificance tests to data with verj- a-nonnal distributioii

curves (as we Inive done in table fi) see Treloar ( ’3fi, pp. 28, 127-12S). The chief requirement

for applyinp sneh tests is that the frequency dislribnlion curve of means of a larpe set of

primps like the ones beinp compared be approximately normal, and this will tend to he true

even thouph the individual observations arc quite a-normal in distribution, if the proups com-

imnd have larpe n values. The distribution of the means of the various c.xpcrimental protip?

run on diet 872, with n values of .8 to 1-1, is sliphtly more normal than type 11 aliove, so proiip'i

of 07 or more should be satisfactory. A difference with a sipnificance ratio of over 7, as in

table (1. must be accepted as .sipnificant.

that the fuiictiou of calcium i.8 “specific in veUiliou to this organ” since

every one of the rats showed lesions (and (his is true also of the addi-

tional animals run for 8 weeks since Ihe appearance of last year’s re-

port). How generally this criterion can be applied is another matter.

The frequency distribution graphs of figure 5 are pertinent. For fonr

groups with diet and time variations, and having mean values of 16, 13,

9 and 5 lesions per rat, respectively, the distributions show striking

differences. The similarity of the B deficient and short-time calcium



GASTRIC I.ESIOKS: AXTKUJt 315

deficient groups rvould bo in agreement witli the interpretation that ‘B

deficiency is equivalent to a short-time calcium deficiency.

Distributions like D in figure 5 are held to be rare in biological data,

and a distribution like B, taken by itself, would probably he interpreted

as showing a mixture of two populations of inherently different sus-

ceptibility. However, taken together A, B, C, and D appear to he a

series of steps representing decreasing intensity of stimulus. The least

intense stimulus (D) is below the threshold for all of those more resist-

ant individuals which spread themselves over several groups on the

left side of curve A; with the sub-threshold stimulus they all pile up

in the 0-3 category in graph D. Ho stimulus at all leads to a “distribu-

tion curve” represented by 100% in the lowest category. Presumably,

if death did not intervene, a sufficiently extreme deficiency for a suffici-

ently long time would cause every antrum to be uniformly covered with

lesions, and the distribution curve would have 100% of the rats in some

limiting highest category determined by the anatomy of the rat’s

stomach.

We have been unable to associate the susceptibility in terms of lesion

count in a 4-week experiment with anything known about the history

and performance of the individual. Variance analysis of a suitable ex-

periment involving 102 rats indicates that neither sex, initial weight nor

litter origin affected the susceptibility significantly ; in the case of se.x

there was no effect, while with initial weight and litter origin there

were effects which would, if real, require many hundreds of rats to

establish them as statistically significant. We nevertheless continue to

match by these three criteria in setting up experiments, for whatever

contribution to consistency there may be.

SUMMARY

1. Further evidence is adduced for the couclnsion that in rats a

rather early manifestation of calcium deficiency is found in the type of

gastric lesion which occurs in the mucosa of the antrum. The changes

consist of necrosis, hemorrhage and epithelial hyperplasia. Addition of

phosphate accentuates the lesions, while vitamin D administration defi-

nitely reduces their number.

2. It is true, as others have found, that thiamine or total B complex

deficiency will produce small lesions of the same tj-pe. However, while

calcium increments in the diet abolish the lesions of thiamine deficiency,

added thiamine has no preventive effect in calcium deficiency.



316 T. F. ZUCKER, B, N, BERG AND L. H. ZDCKEB

3. The administration of nentralizing agents as such has no eifect on
the lesions, indicating the improbability tliat gastric HCl plays a role in

their formation.
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NUTEITIONAL EFFECTS ON THE GASTRIC MUCOSA
OP THE EAT

II. LESIONS OF THE FUNDUS AND KU5IEN ‘

THEODORE F. ZUCKER, BENJAMIN N. BBRO AND LOIS M. ZUCKEK
Deiiartmcnt of Paihology, Cofimbta tTnivcrsifi/, New Tori;

THREE EJOURES

(Ueceivod for pnblieation May 5, 1045)

In the preceding’ paper (Zucker et al., ’45) we have dealt with nutri-

tional effoets on the gastric antrum. Our original interest was princi-

pallj' centered on this phase of the work, the antrum being the region

of the stomach most severely affected by spontaneous lesions of both

man and animals. Wo have, however, fully recorded all the lesions

produced by the rations fed; over 3000 stomachs have been examined.

While a rumen is found in ruminants ‘ and among laboratory animals

only in the rat, mouse and hamster, the extreme hyperplasia which can

bo caused in the rumen of the rat by a variety of deficient diets has at-

tracted the attention especially of cancer students. As a matter of fact

the vast majority of studies involving dietary effects on the gastric

epithelium have dealt with the rumen rather than the glandular portion

of the stomach. The appoavanee of fundus and rumen lesions is illus-

trated in figures 1, 2 and 3.

GENERAL DISTRIBUTION OF MUCOSAL DEFECTS

The distribution of mucosal defects produced by six different rations ®

which were fed to larger groups of rats is not without interest. As can

* Part of tills paper was reported at the 107th Am. Chem. Soe. meeting, Cleveland, 1944.

* The common spontaneously occurring gastric ulcers of ruminants are found not in the rumen
but in the antrum. In Switzerland and Germany considerable attention has been given to this

subject (for general discvissiou see Bongert, ’12> many interesting practical details have been

recorded by Tantz, ’12; the pathology has been worked out by Konjetzny and Pulil, '26).

Konjetzn}’ states that during the months of February, March and April any slaughter house

will afford ample materwl. The lesions arc found in calves and young cattle which have been

weaned at an early age and kept on various rations of haphazard composition. The condition

has been described in the United States, but is apparently of little interest since the use of

special calf meals and gruels is quite general. As to the cause the only suggestion made so far
has been that of mechanical injury (straw, etc.) in spite of the fact that there is general agree-

ment that mere trauma of the mucosa promptly heals and docs not lead to ulcers. Nutritional

factors obviously cannot be neglected, and, among other things, the markedly seasonal incidence

suggests the involvement of calcium in analogy to the rat data presented in the preceding paper.
*The diets arc given in table 2 of the preceding paper (Zucker, Berg and Zucker, ’45).
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omitted (series 1 and 2 of the preceding paper). The first of these con-

tains 20% air-dried cooked egg albumen or fibrin and an alloirance of

B factors ordinarily considered adequate. IVlien 0.6% Ca is added (line

4), growth is good and the stomachs are normal. Without the calcium,

Fig. 2 Single lesions in tlie rumen along the ridge and at the esophageal opening, the favor-

ite sites for this lesion. One lesion is round, has raised thickened edges and a eontml depression

The other at the esophagus consists of an irregular wrinkled tJuckoning of the mucosa. The

majority of the rumen lesions obtained on diets described in these papers are like those in this

picture (cf. fig. 3).

however, 88% of the animals showed antra! lesions vuth a count of 11.9

per rat. There were rumen lesions in 17% of these auimnls, while the

fundus was normal in the sense that only one of the 134 rats showed a

mild hemorrhage. The rats fed the second calcium deficient diet (line 3),

which contained 27% casein and about twice as mueb B complex as tbo
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nted them specifically to Bi deficiency, and Brunschwig and Easmussen
(’41), who obtained them under various conditions. In onr experience

115 out of 366 animals (31%) on various B complex deficient diets for

4 weeks had fuudic hemorrhages (this includes the 234 rats on diet 872

in table 1).
TABLE t

of the S types of lesion* on i’orio»s diets}

1

1

t BIET
j

1

KO. or
RATS

1

1

Ilumen

rXCIOEKCC

Fundus Antrum

ANTRUSt
COViTT

1
1 1

[

872, B complex deficient,

12% protein ! 234

1

t 128(55%) 30(13%) 156(67%) 4.9

2 Ca deficient, 20% protein 134 23(177.) 1(0.7%) 118(88%) 11.9

3
:

Ca deficient, 27% protein , 141 2(1.4%) 2(1.1%) 120(85%) 13.6

4 Normal, 20% protein 124 ' 1(0.8%) 0 i{ 1%) 0.5

5 Normal, 27% protein
^

04 0 0 2( 2%) 0.2

6
;

Stock 188
1

2( 1%) 0 2( 1%) 0.2

’ All experiments were run 4 weeks. For details on scoring the antrum lesions see the pre-

ceding paper (Ztieker et ak, ’45).

Single B deficiencies

The question now arose which of the B factors was responsible. The
feeding of a control synthetic diet (Stoerk and Zueker, ’44) containing

liberal allowances of the usual six factors, namely, thiamine, riboflavin,

pyridoxine, pantothenic acid, nicotinic acid and choline, with no other

known source of B factors and 27% Labco casein ns the protein source,

resulted in norma! stomachs. Five diets, each singly deficient in one of

the five factors thiamine, riboflavin, pyridoxine, pantothenic acid and
choline, were fed to 4-week-old rats for a period of 4 weeks. The omis-

sion of choline led to no discernible effect on growth or any other

manifestation. The other deficiencies all affected growth in varying de-

grees. The results on the stomach can be briefly stated to the effect

that fnndie lesions were associated rvith thiamine deficiency only. Such
was the case when the respective deficiencies were complete— i.e., zero

amounts of the factor in question added. With about one-twentieth of

the allotment present in the complete diet no signs of hemorrhage were
seen even in the ease of thiamine deficiency.

Starvation

This result raised the question whether in the thiamine deficiency ex-

periments the effect was specific for thiamine or whether the inanition
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Prevention with purified casein

We are not convinced, hoirever, that the non-specific causation hypo-

thesis of Sharpless expresses the only interpretation which can he
made of the data. Even in the absence of appreciable amounts of the

majority of the factors each of which Sharpless holds to be essential,

complete prevention can he achieved. This is illustrated in table 2

where a graded increase of purified casein in the diet from G% to 27%
progressively decreases the lesion incidence from 92% to 0%, At first

sight it may seem a little incongruous with general experience that

27% of protein should be required to obtain a completely normal rumen,
but on this type of diet (B complex deficient) the food intake is so low
that the average daily protein ingestion is no more than on a level of

TABLE 2

Evtflencc tftat ilie responsible factor xs present ia crwi?e and purtfed cosein.*

CASEIN
tSV£I<

CftUDE CASEIN LABCO CASEIN

i ^>0 M ^

rats
IntidtTltft ot

rum«a lesions
Ko. ot

j

rats
1

1

Inctdanceof

1

Turneu lesions

% 75#

6 i 29 34 47 !
,

93

12 21 0 50 :
i

43*

20 43 8*

27 27 (
0*

^Tlieac diets contain no added source of B factors; besides the onsein they have 27c fat

' contrlbuUtig 75Q units of vitamin A activity from carotene and 540 from cod liver oil, salts, and
carbohydrate (starch, sucrose or cerelose) to 100. Details of diet compositions aro given in

table 2 of the preceding paper (Zucker et al., ’45).

’Diet 872 — a group run at the s.ime time as the group on the 12% crude casein diet.

’Diets 896 and 896 + bone ash.
'

,

* Diets 1019 and 1019 4- bone asb.

' 10-12% in an otherwise adequate diet. Howes and Vivier as well as
' Sharpless found in a few animals that 20% of casein did not prevent
the hyperplasia. This is in agreement with the data of our table 2 but we

I

are not ready to agree with their inference that this satisfies all the

conditions necessary for establishing the role of casein.

UTiilc at one time casein was almost axiomatioally considered an
ideal protein to use in nutrition studies, this is no longer the case. Its

amino acid constitution leaves a good deal to be desired. A relative

deficiency in sulfur-containing amino acids has been established, notably

.
by the finding that growth and lactation performance can be definitely

improved by supplements of cystine (Daggs ot al., '35 a, h; ’38; Mulford
and Griffith, ’42; see also Almquist, ’43). Casein is difficult to purify,
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This point of view affords a basis for re-evaluation of the contradic-

tory vitamin A results. Lesions of the rumen on vitamin A deficient

diets may be referable to a more drastically purified casein. With a diet

supplying a borderline amount of the preventive factor, any other defi-

ciency which lowers the food intake may cause the appearance of le-

sions. Support for the role of lowered food intake may be found in a

number of our observations of which we will cite two examples.

A supplement of 15% of autoclaved yeast added to diet 872 in no way
lessened the incidence (13 out of 17 animals) and did not improve

growth, while 15% of unautoclaved yeast more than doubled the food

intake, changed the growth from a small net loss to a gain of 60 gm. in

i weeks and prevented the lesions in the rumen (incidence 0 in 10 ani-

mals). The second example shows that, in the Sharpless sense, calcium

could be added to the list of pertinent factors since, by comparison of

lines 2 and 4 of table 1, calcium makes the difference between occurrence

and prevention. The 4-week food intakes for these calcium-deficient

and calcium-supplemented groups were, respectively, 140 and 230 gm.

SDMMART

1. llTiilo fundic lesions can be produced on deficient diets, their cause

probably lies in inanition rather than any specific relation of a food

factor to the structure of the fundic mucosa.

2. Since the maintenance of fundic mucosa is thus removed from the

narrower field of nutrition, other mechanisms involving other fields of

physiology seem indicated (vascular, neurological, etc.).

3. The rat’s rumen responds to some deficient diets with a quite re-

producible reaction of hyperplasia and hyperkeratosis. IVlnle these

lesions have been ascribed to deficiencies of both vitamin A and mem-
bers of the B complex, it is shown that they can be produced in the pres-

ence of ample vitamin A in the diet, and prevented on a totallj' B-defici-

ent diet by increasing the (purified) casein content to 27%.
4. The data suggest the possibility of a specific factor important for

the prevention of lesions of tbe rumen which may bo cither an amino
acid labile to commonly employed methods of purifying casein, or an
unknown factor associated with crude casein.

5. To clarify the nature of the postulated specific deficiency the role

of both food intake and diet composition will have to be subjected to

more exacting study.
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the days on -n'lncli this amount was given. The R.Q.’s of the diets calcu-

lated from the components show that at the high level, the E.Q.’s varied

from 0.88 to 0.91 and at the 75-gm. level, from 0.76 to 0.77. The lowest

R.Q. of the diet, 0.73, was on June 26, with C. J. R., with no carbohydrates

in the diet.

The body weights of the subjects fell from 73.2, with P. B., to 70.0

kilos and with C. J. R., from 59.1 to 57.4 during the series. They con-

tinued their physical activity in hospital wards and medical school

throughout the period.
TABLE 2

Analyses of blood and nrineJ-

DATE
AND

SUBJECT

CARBO-
1ITDR.4TE
LEt'EL

TIME URINE
sue

ACETONE DIACETIC
ACID

BLOOD
SUGAR

gm % %
F.B.

June 10 350 Fasting 0
•

0 0.09

After sugar 0.2 — — 0.07

June 21 75 Fasting tr 0 0 0.09

After sugar 0.3 tr 0 0.07

June 24 11 , Fasting 0.3 tr 0 0.07

After sugar 0.4 + 0 0.05

C. J. R.

Juno 15 350 Fasting 0 0 0.09

After sugar 0 — 0 0.07

June 22 75 Fasting 0.2 — 0 0,08

After sugar 0 — 0 0.07

June 25 11 Fasting 0 tr 0 0.09

After sugar 0.4 + 0 0.09

Juno 27 0 Fasting 0 + 0 0.08

After sugar 0 tr 0 0.09

* Where dashes occur in the table, no determinations were made.

The urines were collected immediately on arrival at the Laboratory

in the morning and then immediately after the series of determinations

on the R.Q.’s were made after sugar. Blood samples were also taken

about one-half hour after the first urine was voided and at the end of the

experimental periods at about 12 : 30 p.m. The urines were tested for

sugar, acetone, and diacetic acid in most cases, and the blood sugar was
determined, hut unfortunately the urinary nitrogen was not determined.

Sample results at the different levels of carbohydrate intake in which
the amounts given represent the diet of the day before the test are given

in table 2. The striking fact is that with the marked changes in carbo-

hydrate there were practically no changes in the blood sugar. The lowest

level is with P. B. on June 24 when it fell to 0.06% in the sample after
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from dietary intake. The net averag-e rise in the R.Q. for 3 hours on eacli

of the 3 days on the 350 gm. carbohydrate intake was 0.05 arid on tlie

3 days with 75 gm. for dietary carbohydrate, the net average rises for

3 hours in R. Q. were 0.05, 0.02, and 0.03, and on the lowest carbohydrate

intake, were 0.04 and 0.02.

The increases in the heat production and in the combustion of carbo-

hydrates are given in table 4. The heat production in the base line

TABLE 4

Increase in heat production and combustion of carbohydrates after ingestion of 50 gm. of

glucose (values for 3 hours).

DATE
1940 BASE DTNE

Heat Carbohydrate
production burned

INCREASE AFTER
50 GM. GLUCOSE

Heat^ Carbohydrate
production burned

cal. £rm. cal. fftn.

F. B.

350 gm. cni’bohyOrate

June 10 229.G 8.1 13.8 16.3

Juno 13 237.8 15.2 6.3 12.8

Juno 14 229.7 12.7 19.5 13.0

75 gm. carboliydvntc

June 17 215.4 5.9 25.2 9.1

Juno 19 226.7 7.1 9.1 8.9

June 21 236.4 5.4 3.2 8.1

11 gm. earbohyJrato

Juno 34 220.0 0.0 13.5 7.9

C. J. E.

350 gm. carbob3'drate

June 11 182.8 16.1 12.8 9.0

June 13 184.1 10.2 15.9 9.2

June 15 186.4 14.0 5.9 7.8

75 gm. carbohydrate

June 18 202.3 4.4 3.3 8.6

June 20 190.8 8.8 12.9 4.0

June 22 191.7 8.1 9.2 5.1

0-11 gm. carbohydrate

June 25 194.8 2.5 8.8 6.2

Juno 27 188.8 1.6 16.6 3.4

periods of F. B. on the 350 gm. intake of carbohydrates averaged 232.4

cal., on the 75 gm., 226.2, and on the lowest, on 1 day, 220.0 cal. There is

no evidence with this subject that the varying levels of carbohydrate

intake affected the base line heat production. The increase in heat

production due to the ingestion of 50 gm. of glucose averaged 13.2, 12.5,

and 13.5 cal. for the three levels, but there is considerable variation so

that this agreement is only fortuitous. With C. J . B., the average base
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lino heat production with 350 gm. carbohydrate intake was 184.4, and

with the 75 gm., 194.9 calories, and this difference is significant. Part

of this increase may have been due to a higher protein level of the diet

on the days preceding the ineasni'ements, although no data on the nitro-

gen elimination in the urine are available. On the lowest level it was
191.8. This average is not considered as a significant increase from that

on the 350 gm. level. The average increases in the heat production due

to 50 gm. of glucose were 11.5, 8.5, and 12.7 cal. in the three series with

considerable variation in the individaal values.

The coinhnsion of carbohydrates was calculated in the usual empirical

manner from the respiratory exchange and an assumed combustion of

protein. The protein combustion was calculated from the amount of

protein in the preceding day’s diet and a coefficient of digestibility of

90%. An actual determination of the nitrogen elimination in the urine

would have been better, hut it is believed that for comparative purposes

the above assumption is ;justifiable. That changes in carbohydrate com-

bustion after glucose ingestion represent increased carbohydrate com-

bustion is shown by a recent study (Edwards, Bensley, Dill and Car-

penter, ’44) in which the lactic acid and the alveolar carbon dioxide

were determined before and after the ingestion of glucose in man.

The base line carbohydrate combustion with P. B. averaged in the

three series 12.0, G.l, and 0 gm. for the 3 hours. There was thus a definite

effect of the carbohydrate intake of the preceding day upon the carbo-

hydrate combustion in the base line condition. After ingestion of 50

gm. of glucose there was an average increase during the 3 hours of 14.0,

8.7, and 7.9 in the three different tj^pes of experiments. Thus, the shift

from the level of 350 gm. of carbohydrate to one of 75 gm. on the preced-

ing day lowered the increase in carbohydrate combustion for 3 hours

following ingestion of 50 gm. of glucose bj' 5.3 gm. IVhen little or no

carbohydrate was taken on the preceding day, there was still an increase

of 7.9 gm. in the 3 hours following ingestion of 50 gm. of glucose. The
base line carbohydrate combustion of C. J. B. for the 3 hours was 13.4

when on the 350 gm. of carbohydrate level, 7.1 gm. on the 75 gm. level,

and 2.1 on the 0 to 11 gm. level. The difference between the first two

scries, 0.3 with 0. J. H., was nearly the same as ndth P. B., 5.9 gm. This

subject showed in all three series the effect of the preceding day’s diet

on the carbohydrate combustion in the basal condition on the following

morning. The increase in the combustion of carbohydrates for 3 hours

with this subject after the ingestion of 50 gm. of glucose was 8.7 gm. on
the 350 gm. dietary level, 5.9 on the 75 gm. level, and 4.8 on the 0 to 11

gm. level. The difference.^ in the increases in carbohydrate combustion
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after 50 gm. of glucose were not so large when C. J. E. was at the three

different levels of dietary carbohydrate intake as with F. B. C. J. R. ^vas

lighter in weight and had a lower metabolism than F. B. and therefore,

C. J. R.’s need of carbohydrate Avas less than that of F. B. When C. J.

R. was on the 350 gm. dietary level, two of the three base line R.Q.’s

Avere higher than those of F. B., but in spite of this, the increase in carbo-

hydrate combustion aa'us not so great Avith C. J. R; as Avith F. B. Judging

from these tAvo subjects, one may suggest that the amount of increase

in carbohydrate combustion after 50 gm. of glucose varies Avith indi-

viduals and that given a certain basal level in one subject, one may not

expect the same rise after 50 gm. of glucose in another individual with

the same basal IcAml of carboh3'^drate combustion. It does not folloAV that

the subject Avho has the highest basal carbohydrate combustion 'will have

the greatest increase in carbohydrate combustion after ingestion of

glucose. The leAml of basal carbohy^drate combustion does affect the in-

crease in carbohydrate combustion after the ingestion of glucose hut

even Avhen the basal combustion reaches zero, the normal individual is

still able to burn some carbohj'drate in spite of the need to augment the

glycogen supply. One might expect that with so drastic a lowering of

carbohydrate intake Avith undiminished physical activity the need for

deposition of gljmogen Avould be so great that all the glucose would be

laid doAvn as glycogen and none would be burned. It is apparent that

mere reduction of glycogen does not prevent oxidation of carbohj’-drate

when, as in the normal indiAudual, abundant insulin is present.

SUMMARY

Taa'o medical students were placed on diets for several days at three

levels of intake of carbohydrates, namely approximately 350, 75 and 0

— 11 gm. per day, respectiAmly. The respiratory exchange Avas meas-

ured on alternate days in the basal condition and for 3 hours after the

ingestion of 50 gm. of glucose. The combustion of carbohydrates Avas

calculated in the usual empirical manner from the respiratory exchange

and the protein level of the day’s diet preceding the determinations of

the respiratory exchange.

The basal combustion of carbohydrates calculated to 3 hours averaged

12.0, 6.1, and 0 gm. for one subject, and 13.4, 7.1, and 2.1 gm. for the

other subject for the three dietary levels.

. The increase in combustion of carbohj^'drates after the ingestion of

50 gm. of glucose AAuth one subject was 14.0, 8.7 and 7.9 gm. and for the

other subject, 8.7, 5.9 and 4.8 at the three dietary carbohydrate levels.
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Thus the level of carbohydrates in the preceding diet affected the

basal combustion of carbohydrates noticeably, and to some extent the

increases in carbohydrate combustion after ingestion of glucose, hut

not so much as one would expect when the demand for replacement of

glycogen supply is considered.

The respiratory exchange measurements were made by Mr. Basil

James and the diets were under the supervision of Miss Eosina Vance.
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Independent investigations in several laboratories have sbovm that

vitamin A has important relations to nutritional wellbeing at all ages

and that the body has powers, when its nutritional intake is ample, to

lay up in the liver considerable stores of this vitamin for future use.

The experiments recorded in this and the accompanying paper (Cald-

well, MacLeod, and Sherman, ’45) were designed to develop the quanti-

tative knowledge of this storage function.

PLAN AND METHODS

The plan was to feed well matched young rats, of like hereditary and

nutritional backgrounds, from the age of 28 days upon diets, alike in

other respects, but of three levels of vitamin A value, namely, 3, 6, and

12 International Units, respectively, of vitamin A per gram of air-drj'

food. These levels may also be stated as 0.8, 1.6, and 3.2 I.U. of vitamin

A, respectively, per Calorie of food. (The laboratory record numbers

of these three diets are Nos. 16, 360, and 361, respectively.) The extra

vitamin A was introduced in the form of highly potent codliver oil.

The offspring of these original experimental animals were continued on

their respective family diets until killed for determination of the x’itamin

A contents of their livers at the ages of 30, 60, 90, 150, 225, and 300 days.

In this study liver storage is believed to be sufficiently indicative of

bodily storage, because previous investigations in other laboratories

as well as our own have shown the quantities stored elsewhere to be

negligible compared with those found in the liver (Sherman and
Boynton, ’25

;
Baumann, Eiising, and Stoenbock, '34

;
Kao and Sherman,

’40; Little, Thomas, and, Sherman, '43; Bohrer and Sherman, ’43.)

* Aided by grants from tbe Carnegie Institution of 'Washington and from The Nutrition

Foundation, Inc.

343



344 H. L. CAMPBELL, UDILJAK, YARMOLINSKY AND SHERMAN

Coefficient
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The sexes were caged separately from the age of 28 days. Livers were
removed from the experimentally-fed animals and sampled for assay

in the maimer described in the accompanying paper (Caldwell, MacLeod,
and Sherman, ’45), and their vitamin A values determined by the single-

feeding method developed by Todhnnter (Sherman and Todhunter, ’34),

with separate male and female controls.

EXPEBIMENTAL BATA

Table 1 shows the vitamin A values in International Units per gram of

liver, averaged separately by age and by sex, each mean value ac-

companied by its probable error (P.E.), coefficient of variation (C.V.),

and number of cases.

T.VBLE 2

ntamin A found in lirprs of raU (from Diets S60 onrf 361^ expressed as approximate percent-

ages of the total potential shi pluses Khich they had received tn their food.

AQt
;

ON DIETTVITK G I’SITSt'FR OM
|

ON DIET WITH 12 rXiTS P«S OST.

1 Males Females
I

Females

60 days
(

23.0 22.8 1 28.8 29.5

90 days 10.7 10.5
;

20.8 21.1

150 days '

8.8 10.2 15.8 17.6

225 days
|

6.3 7.8 15.0 16,3

300 days
j

7.0 8.9 !
12.6 13.2

The extremely small amounts found in the livers of the rats whose

food contained 3 units per gram are probably best considered as ap-

proximately the minimal amounts or concentrations essentially involved

in normal maintenance processes. We may consider that this level of

nutritional intake supplies approximately the actual (or minimal nor-

mal) needs but provides practically no reserve surplus. This may be

used as a base-line for an approximate calculation of the quantitative

relations of the surpluses offered by the diets of richer vitamin A
content and the amounts of stored (reserve) surplus found at different

ages in the livers of the animals which had received these diets. The
results of these calculations are shown in table 2.

DISCUSSION

Although some observations and discussions tend to throw emphasis

upon the fact that surpluses received by the body are not always taken

up quickly by the liver (Review, ’43), the experiments here reported

show that the liver continues over at least a good proportion of the

normal life cycle to store a very significant part of surpluses furnished
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The earlier obsei'vations and experiments upon the importance of

bodily storage as a factor in the nutritional significance of vitamin A
were reviewed by Sherman and Cammack ( ’26) who studied quantita-

tively the effects of diflerent levels and durations of preparatory feed-

ing upon the storage of vitamin A in the body as judged by the sur-

vival period after transfer to vitamin A-free diet. In their experiments

(with rats) they found, that the bodily store of vitamin A was promptly

and markedly increased by the addition of cod liver oil to an already

good diet but that the body only gradually approaches the attainment

of its maximum store.

Subsequent development of methods for direct assay of the vitamin

A content of tissues, and the finding of Baumann, Eiising, and Steen-

bock ( ’34) that the assaj' of liver tissue alone is sufficient to indicate

differences in the body store of this vitamin in well nourished animals,

have facilitated further studies in this field. Lewis, Bodanskj^ Falk,

and McGuire ( ’42) have compared the concentration of vitamin A in

the blood with the storage in the liver as measured by the antimony

trichloride coloi'imetrie method. Using a spectrophotometrie technique.

Little, Thomas, and Sherman (’43) compared the concentrations of

vitamin A in tlie livers of rats that had been fed diets of three levels of

vitamin A value up to ages of 30, 90, and 150 days
;
while Eohrer and

Sherman (’43), using the Todhunter method of assaying by a single-

feeding technique, compared rats from three diets at the ages of 30

and 60 days. These last-mentioned investigations confirmed the impor-

tance of the level of intake but also indicated the desirability of more
comprehensive studies to differentiate more clearly and conclusively

’ Aided by grtinta from the Carnegie It»stitution of Washington and The Nutrition Founda-
tion, Inc.
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tlie respective relations of bodily storage and nutritional need at differ-

ent ages as well as at ditferent levels of intake.
,

'

The present paper reports the results of one series of such studies

making use of an adaptation of the antimony trichloride method of as-

saying .liver tissue for its vitamin A content. A simultaneous series in

which the Todhunter method was employed is being reported separately.

EXPERIMENTAL

The experimental animals were rats of known hereditary and nutri-

tional background, all of the same (Osborne-Me’ndel alhino) strain, in-

bred in this laboratory through more than twenty generations. Different

groups of these animals were fed in parallel on the following three diets:

(1) Diet 16, consisting of five-sixths ground whole wheat and one-sixtli

dried whole milk, with 2% as much sodium chloride as wheat, the air-dry

food mixture having a vitamin A value of 3 International IFnits per

gram; (2) Diet 360, the same except for the addition of enough higli-

grade cod liver oil to bring the vitamin A value to 6 I.U, per gram;

(3) Diet 361, the same with additional cod liver oil to bring the vitamin

A value of this diet to 12 I.U. per gram. The amount of cod liver oil

needed to thus fortify diets 360 and 361 was too small to affect signifi-

cantly the composition and energy value of the diet or the intake of

water-soluble vitamins. The food mixture and distilled water were

available to each animal at all times.

Healthy, typical offspring of families that were in at least the second

generation of their respective diets ’were killed at the ages of 30, 60,

90, 150, and 300 days and the liver tissue assayed by the antiihony tri-

chloride method as modified by Dann and Evelyn ( ’38) and by Lewis

et al. (’42), using a photoelectric colorimeter (Coleman spectrophoto-

meter) to measure the intensity of the transmitted light.

Table 1 shows for males and females, the average vitamin A content

per gram of liver tissue at each of the five stated ages for each of tlie

three diets, together with the probable errors of the means, the coeffici-

ents of variation, and the number of cases. While the females tend to

store slightly higher concentrations of vitamin A than males of the

same age on the same diet, the relationships of storage to level of in-

take and to age are essentially similar for the two sexes.

Table 2 shows correspondingly the averages for the same animals

given in terms of International Units in the total liver. The larger size

of the males (and their livers) approximately balances the higher con-

centration of vitamin A in the livers of the females.
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TABLE 1

riiamin A conient per gram of Ziwr iissue in raU.

DIXT 16
(vrmi3 i.u /CM )

f ortT 360 (triTK 6 I C /nw.) DIET 361 (wmi 12 r.u./aa.)

Mutes Temateg ^ M&tes Femates Mates Femates

30 days

Mean its

P.E.» 3. ± 1.0 2. i: 0.3

f

34. ± 2.1 31. ± 1.5

1

'

69. ±3.0 87. ± 3.2

C.T.* 146 77
i

"9 23

j

20 17

Number of

eases 9 11

i

i 10 . 10
i

1“ 10

60 days

Mean tz its

P.E. 1. ± 0.2 2. 0.2 68. i: 3.2 73. i: 3.4

i

1

' 163. ±5.3 205. ± 8.6

c.v. 93 63 27 22 ! 15 20

Number of

cases 16 12 15 10 10 10

90 days

Mean 2: its

P.E. 1. ± 0.1 2. ±. 0.1 51. ± 2.3 90. ± 5.0

i

(

i
244. ± 12.1 335. ± U.2

C.V. 105 31
1

21 26 23 20

Number of

cases 11 10 10 10
.

10

150 days

Mean ± its

P.E. 2. i: 0.1 10. ± 4.1
j
129. ±0.7 193. i: 7.2 525. ±27.9 630. ± 49.5

O.T. 47 240 ^ 21 13 25 34

Number of

cases 11 14
1

w 31
,

10 10

300 days

Mean 2: its

P.P. 0.1 ± 0.07 10. ± 2.9

1

< 226- ±. 35.4 291. ± 20.8 1193, ± 41.0 1547. ± 32,7

C.V. 400 168 ‘ 30 42 18 9

Number of

cases 16 14 9 16 13 9 •

* Proliable error. * Coefficient of Tariation,

TABLE 2

rifamin A contents of total liters of rots; Infcrnati'onQl Units.

K-wx. DIST 16 DIBT360 DIET 361rTHEAOEor (with 3 I tl /jTtn > (with 6 LXJ./gm ) (wUh 12 I.tJ./jrro.)

Ifotf* FtmaU* UaU» FemnV* FtinaUt

30 days 7 3 73 6S 159 203

60 days 4 6 445 425 1165 1111

90 daj-s 4 10 388 525 1905 2110

150 days 12 57 1162 1190 4424 3776

300 d.ays 1 65 2167 1862 11453 9546
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DISCUSSION OF EESULTS
'

Inasmucli as tlie rats were all of the same 'strain and each from a

family that had heen for at least a generation on the same diet as tlie

respective experimental animal, it is- noteworthy that even at the age

of 30 days (end of infancy in the rat) the etfeets of the family diet are

already significant in the concentrations and amounts of fiver vitamin A.

On the diet with 3 I.U. of vitamin A value per gram of air-dry food

or about 0.8 I.XJ. per Calorie the amount of storage of vitamin A in the

liver at any of the five age levels investigated was so small as probably

to he only negligible, though there might be considered to be a slight

upward trend with maturity in the females but not in the males.

On the diet twice as rich in vitamin A value, but otherwise unchanged,

both males and females increased the concentrations and total amounts

of vitamin A in their livers in a fairly regular manner from the age of

30 to that of 300 day's.

With the vitamin A value of the diet again doubled both males and

females show increased rates and amounts of storage of vitamin A.

It is clear that when the vitamin A value of the food is high enough

to furnish a surplus for storage' in the fiver, the amount stored and the

concentration reached, are very significantly influenced both by the

level of intake of the vitamin and the length of time that the body has

been in daily receipt of a surplus.

The amounts of vitamin A here found agree with those obtained by

the single-feeding method as reported in the accompanying paper

(Campbell, Udiljak, Yarmolinsky^, and Sherman ’45) except that at the

highest level of vitamin A intake and the two highest ages of the range

studied, higher results were found by the method here used. Whether

the rats, on this high level of vitamin A intake, changed some of the

vitamin A tp another form in the liver, which was inactive biologically

but determined chemically, is in question.

SUMMARY

The effect of three levels of vitamin A on fiver storage of this vita-

min in the albino rat at 30, 60, 90, 150, and 300 days of age has been

studied.

There was a statistically significant increase in the storage of vita-

min A per gram of fiver tissue as the level of intake was increased from

3 to 6 I.U. and from 6 to 12 I.U. per gram of diet.

At a level of intake of 3 I.U. per gram, there was very little storage

of the vitamin and no increase in storage with increasing age up to 300
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days. The vitamin A value of 3 LU. per gram is not optimal and in the

light of these storage results appears to he near the minimal limit of

adequacy.
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DISCUSSION OF RESULTS
'

Inasmuch as the rats were all of the same strain and each from a

family that had been for at least a generation on the same diet as the

respective experimental animal, it is noteworthy that even at the age

of 30 days (end of infancy in the rat) the effects of the family diet are

already significant in the concentrations and amounts of liver vitamin A.

On the diet with 3 I.U. of vitamin A value per gram of air-dry food

or about 0.8 I.U. per Calorie the amount of storage of vitamin A in the

liver at any of the five age levels investigated was so small as probably

to be only negligible, though there might be considered to be a slight

upward trend with maturity in the females but not in the males.

On the diet twice as rich in vitamin A value, but otherwise unchanged,

both males and females increased the concentrations and total amounts

of vitamin A in their livers in a fairly regular manner from the age of

30 to that of 300 day'^s.

With the vitamin A value of the diet again doubled both males and

females show increased rates and amounts of storage of vitamin A.

It is clear that when the vitamin A value of the food is high enough

to furnish a surplus for storage in the liver, the amount stored and the

concentration reached, are very significantly influenced both by the

level of intake of the vitamin and the length of time that the body has

been in daily receipt of a surplus.

The amounts of vitamin A here found agree with those obtained by

the single-feeding method as reported in the accompanying paper

(Campbell, Udiljak, Yarmolinsky, and Sherman ’45) except that at the

highest level of vitamin A intake and the two highest ages of the range

studied, higher results were found by the method here used. Whether

the rats, on this high level of vitamin A intake, changed some of the

vitamin A tp another form in the liver, which was inactive biologically

but determined chemically, is in question.

SUMMARY

The effect of three levels of vitamin A on liver storage of this vita-

min in the albino rat at 30, 60, 90, 150, and 300 days of age has been

studied.

There was a statistically significant increase in the storage of vita-

min A per gram of liver tissue as the level of intake wms increased from

3 to 6 I.U. and from 6 to 12 I.U. per gram of diet.

At a level of intake of 3 I.U. per gram, there wms very little storage

of the vitamin and no increase in storage with increasing age up to 300
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days. The vitamin A value of 3 I.U. per gram is not optimal and in the

light of these storage results appears to be near the minimal limit of

adequacy.
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Papayas and guavas are unusually rich sources of ascorbic acid (Mil-

ler et al., ’44) surpassing even the citrus fruits. Since large amounts

of these fruits are available in the Hawaiian Islands and elsewhere it

is possible for them to make a significant contribution toward providing

one of the essentials of an adequate diet. There is no information, how-

ever, on the availability to human beings of the ascorbic acid of these

fruits. The experiments to be described in this paper were carried

out in order to provide this information.

The plan of experiment was similar to that used by Clayton and Fol-

som (’40), Todhunter and Patzer (’40) and by Clayton and Borden
( ’43). The data obtained by these workers indicated in general that the

ascorbic acid provided by the foods studied was just as available to the

body as was ascorbic acid taken in the pure form. The general principle

of this method is to compare the excretion of ascorbic acid by subjects

on an ascorbic acid-low diet
: (a) when they are receiving the test foods

;

and (b) when they are receiving an equivalent amount of synthetic

ascorbic acid.

Various workers refer to the difference between the amount of as-

corbic acid ingested and that excreted as the amount utilized, but such

a statement assumes that the ascorbic acid is completely available. Be-

cause of the possibilities of incomplete absorption or partial destruction

in the intestinal tract this assumption is not justified. It has been clearly

demonstrated, however, that the amount of ascorbic acid excreted in the

urine increases when the amount ingested increases. Prom metabolism

studies such as reported here, therefore, one may conclude that if equal

excretions of ascorbic acid result when different sources of ascorbic

acid arc ingested, then the availability of the ascorbic acid to the body

* Pabliahed by permission of the Director of the Hawaii Agricultural Experiment Station as

Technical Paper no. 125.
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must be equal. Furthermore this is true only if all other experimental
conditions which might influence the excretion of ascorbic acid, such as

the state of saturation of the body tissues, are kept constant. This is the

assumption made in the present study in which two series of experi-

ments involving fourteen different subjects were carried out.

METHODS

The diet. A balanced and varied diet " providing an average of less

than 5.0 mg. of ascorbic acid per day was fed. The intake of foods con-

taining small amounts of ascorbic acid was carefully controlled, but the

subjects were allowed as much as they wanted of all other foods. Canned

fruits, vegetables and evaporated milk were purchased in case lots

and samples were assayed for vitamin 0 by dye titration. Fruit and

vegetable juices were discarded and the vegetables were reheated in

relatively large amounts of water which were also discarded. Fruits

and vegetables used were canned apples, pears, peaches, figs, sweet

corn, green beans, carrots, and beets; dried prunes, raisins, dates and

figs ;
and raw apples without the skins. Since the diet was low in pro-

tective foods additional vitamins were provided in the form of capsu-

lated preparations.

The papayas (Carica papaya— solo variety) Aveighed about one

pound each and Avere groAAm on the Station farm at Poamoho. The

guava juice aa^s prepared according to the method of Miller et al. ( ’37)

from common guavas (Psidium guajaAm) groAving Avild on the island

of Oahu. The ascorbic acid content of the papayas ranged from 60 to

100 mg. per 100 gm. and that of the guava juice (a Avatery extract of

cooked guavas) from 60 to 90 mg. per 100 ml.

Collection of samples. TAventy-four-hour urine samples Avere collected

in broAvn glass bottles containing toluene and enough concentrated

oxalic acid to bring the acid concentration of the final volume to 0.5%.

Creatinine Avas determined daily on each sample as a check on the ac-

curacy of the collections.

Ascorbic acid determinations. All ascorbic acid determinations Avere

made by dye titration Avith the exception of plasma samples and foods

yielding colored extracts Avhich were assayed with the aid of a photo-

electric colorimeter. The test foods Avere assayed each day. Individual

papayas Avere assayed by taking at least four thin lengtliAAdse slices as a

composite sample. The individual portions given to the subjects AA^ere

also in the form of lengtliAAdse slices.

= Detailed records are on file in the office of the Nutrition Department of the Bxpennienf

Station and further information concerning the diet will be supplied upon request.
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PLAN 6P EXPEBIMEKTS

Experiment I. Nine subjects {4 females and 5 males, 19 to 33 years

of age) serving from 3 to 12 weeks each were used in this experiment.

Each subject was given 300 mg. of ascorbic acid per day for 3 days

before starting the experiment. The experimental periods were as

follows

:

Saturation period— 1 day. Sunday. Eegular diet at home plus 300

mg. ascorbic acid in forenoon.

Control period— 6 days. Monday through Saturday. Basal diet plus

75 mg. synthetic ascorbic acid per day.

Experimental periods— 6 days. Monday through Saturday. Basal

diet plus one of the test foods in an amount providing 75 mg.

of ascorbic acid per day.

All of the subjects except one repeated the control period at least

twice. Two subjects received synthetic aseoi'bic acid in amounts other

than 75 mg. per day for one or more periods in order to estimate the

sensitivity of the method. All supplements were taken at 5:00 f. m.,

just before the evening meal except on Saturdays when they were taken

at 12 : 00 noon.

Experiment II. Six subjects (3 females and 3 males, 29 to 34 years of

age), one of whom had also served in experiment I, took part in this

experiment. Each subject took 100 mg. of synthetic ascorbic acid per

day for 4 days preceding the experiment. The subjects remained on the

basal diet plus a constant intake of 75 mg. of ascorbic acid per day

ivithont interruption for 5 weeks. The supplements given during the 6

weeks of the experiment were as follows

:

Preliminary adjustment period:

Week 1 — 6 days. 75 mg. synthetic ascorbic acid per day.

Week 2— 7 days. 75 mg. synthetic ascorbic acid per day.

Experimental periods

:

Week 3— 7 days. Papaya equivalent to 75 mg. ascorbic acid

per day.

Week 4— 7 days. 75 mg. synthetic ascorbic acid per day.

Week 5— 7 days. Guava juice equivalent to 75 mg. ascorbic

acid per day.

The subjects in scries n received their supplements at 5 : 00 v. 3r. each

day throughout the experiment. Blood samples were taken on the after-

noon of the sixth day of each period.
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RESULTS AND DISCUSSION

Experiment I. The daily excretion of ascorbic acid for this group
varied greatly due largely to the plan of experiment used. The day-to-

day variations in excretion of ascorbic acid are illustrated in figure 1

which presents the individual 24-hour excretion values for subject D. On
Mondays (first day of each period) the excretion values were generally

quite high due to the high intake of the previous day. They then de-

creased throughout the week hut frequently rose slightly on Saturday

due to the change in time of administration of the supplement. The

average excretions for each period may be compared, however, since

Eig. 1 The excretion of ascorbic acid by subject D during twelve supplemental periods.

Each bloch represents on period of 6 days. The supplements given and the average excretion

value for each period are written in the base of each block. Each bar represents the milligrams

of ascorbic acid excreted in 24 hours. Broken bars represent excretions greater than 80 mg.

The arrow and letter M indicate the first day of menstruation.
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each period followed the same plan and each subject acted as his own
control.

Table 1 shows the average excretion of ascorbic acid per period for

each subject. The excretion values for the first day of each week were

so extremely variable that they were omitted from the averages. The

values given in the table, therefore, represent the average daily excre-

tion for 5 days only.

Considerable variation occurred within subjects as well as between

subjects. Two subjects, F and 6, showed very little variation among

TABLE I

Comparison of the excretion averaties) of ascorbic acid bu stibjeois of experiment I

“when receiving 75 mg. of aseorttc tioid per day in the form of synthetic

ascorbic acid, papayas or guava Juice.

BCBJEOT

A%’lnACE EXCRETIOK PER PERIOD
|

DITPERENCE

Control periods

1

ExperimcDtal periods Maximnin
between
control
periods

From control periods

Individuil
periods

Areraze Papaya
Caaea

1

juice

1

Papaya Ouara
juice

mp. tnff. mff. mff. ntp.

1

mo. mff.

A 51

61 56 65 64 1

j

10 +9 4-8

B 57 GO 59 55 G -1 -5
63

C 43 48 53 41 0 --.7

52
1 j

49 !

D 49 51 • 49 50
;

3 —2 —1
‘ 51 58 ' 4-7

;

52

E 45 46 53 40 C 4*7 -6
44

50
V I

F 43 44 45 44 1 4*1 0

4i
(

G 31 31 29 29
J

j

— -2

H 48 49 42 40 1 2 —7 -9

1 1

J 35 24 32
i

23 17
!

4-S 4-4

' 18 ; ;

^
20 1

i

Av. !

1

4o 47 45
j 5

.
i 5 5
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their average excretion values, but in the case of certain other subjects
tD, li, and tJ) the diifei ences rvere large, The reproducibility of the

results can be judged by noting the range of values for the control

periods of a single subject.

An estimation of the signihcahce of the differences between supple-

ments can be made by comparing the values shown in columns T and 8

rvith those in column 6 of table 1. Column 7 which compares the excre-

tions on papayas with the average excretions on synthetic ascorbic acid

contains values ranging from 1 to 9. The values in column 8 which com-

pares guava juice with synthetic ascorbic acid range from 0 to 9. Since

these differences were no greater than those between individual control

periods (1 to 10) they cannot be considered to be significant. It may be

concluded, therefore, that within the limits of error of the method the

ascorbic acid of guava juice and papayas was just as available as syn-

thetic ascorbic acid.

In order to estimate the sensitivity of the method, subjects D and G

served one or more periods in which they received 50 or 100 mg. of

ascorbic acid per day, a variation of ± 30% from the usual control level

The differences between the excretions at these levels and the excretions

at the 75-mg. level ranged from 19 to 38 mg. These differences were much

greater than those betAveen periods'at the 75-mg. level and indicate that

differences of V30% in the aAmilabilit}' of ascorbic acid could readily

be detected by the method used.

Experiment II. In this experiment the subjects after being maintained

on a relatively high intake of ascorbic acid for 4 days were then held

on a constant intake of 75 mg. per day (plus the small amount in the

basal diet) throughout the 5 weeks of the .experiment. This plan was

adopted in an effort to reduce the daily fluctuations in the quantity of

ascorbic acid excreted and thus to obtain data of greater significance.

The individual 24-hour excretion values for all subjects of this experi-

ment are shown in figure 2. Inspection of this figure reveals that all

subjects excreted much more ascorbic acid during the first week than

in later periods and in most cases a relatively constant level was not

i-eached until after 2 wmeks. For this reason the first 2 weeks are con-

sidered to be an adjustment period and only the last 3 weeks were used

for the purpose of this experiment. __
Fig. 2 The daily 24-hour excretions of ascorbic acid by subjects on experiment II.

figures inside the blocks sho-iv the average excretion for the period. The numbers 1 to 5 alon?

the ordinate indicate weeks and supplements as follows : 1 and 2 — Adjustment period— To

synthetic ascorbic acid; 3, 4 and 5— Experimental period— 3 — Papayas, 4— 75 mg. syn-

thetic ascorbic acid, 5 — Guava juice. The arrow and letter M indicate the first day of men

struation. D, K, and L— females; M, N, and 0~ males.
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All the subjects showed some day-to-day fluctuation throughout the

experimental periods but the men, particularly 0 and N, showed much
less fluctuation than the women subjects. In general, however, a day
with a high excretion was followed by a day with a low excretion and
the weekly averages were remarkably constant. The averages for all

,
six; subjects for the 5 consecutive weeks were as follows : 12.7, 30.6, 26.6

25.4 and 26.0 mg.

By subjecting the excretion data of the 5 weeks (fig. 2) to analysis

of variance it was shown that there was no' significant difference between

the experimental weeks 3— Papaya, 4— Control, and 5— Guava Juic^.

It may safely be concluded, therefore, that there was no significant dif-

ference in the availability of the ascorbic acid whether it was provided

in the form of the pure compound or in the form of papayas or guava

juice. There was a highly significant difference between weeks 1 and 2

TABLE 2

The ascorbic acid level of the plasma of subjects in experiment JL

MILLIGRAM PER CENT ASCORBIC ACID

SUPPLEMENT 1

“*

D 1 K
1

n ' M 1 N 0

Ascorbic acid
j

1.3
! 1.3 1.3 1.0

!

' 1.4 i

[

1.3

Ascorbic acid 1,2 1.3 1.3 0.7
‘

1.3
!

1.0

Papaya , 0.9 1.1
;

1.1 0.7
!

0.9 0.9
•

Ascorbic acid
;

1.0 0.9 i 1.0 0.7
,

0.9
j

0.7

Guara juice 1.1 1

1

1.1 1 0.9
1

0.9
'

0.9
j

0.9

(the adjustment period) and the chances were greater than 19 to 1 that

the difference between the last week of the adjustment period and the

first week of the experimental period was significant. The results of the

statistical treatment, therefore, justify the omission of the data for the

first 2 weeks from the final comparison of results.

The weekly plasma ascorbic acid values in table 2 confirm the conclu-

sions drawn from the urinary excretion data. Slightly higher values were

obtained during the first 2 weeks and only small differences occurred

thereafter. All six subjects maintained very satisfactory plasma levels

on an intake of approximately 80 mg. of ascorbic acid per day over a

period of 5 weeks. The recommended allowance of the National Be-

search Council is 75 mg. of ascorbic acid per day. The results obtained

in this study indicate that the allowance is adequate to maintain normal

plasma levels of ascorbic acid.
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Effect of acidity or alkalinity. Various workers, Hawley et al. (’37),

Goddard and Preston (’38) and Meyer and Hathaway (’44), have at-

tempted to determine the effect of acidity or alkalinity upon the excre-

tion of ascorbic acid, but their results so far have not been conclusive. No
attempt was made in our experiments to study this factor and it was not

rigidly controlled although the basal diet did not vary greatly and the

subjects were asked not to take any alkalizing medicines. Any effect

which may have occurred was small since the fruit supplements in the

amounts used would have changed the acidity of the urine very little.

This was demonstrated by an experiment to be reported elsewhere in

which the ingestion for 3 days of amounts of papaya and guava juice five

to ten times those given in this experiment caused only small changes in

the pH of the urine.

Effect of menstrnaiion. Early in the course of experiment I it was

noted that very low values were obtained just before and/or during the

early part of the menstrual period. Prom that time on care was taken

to have the subjects receive synthetic ascorbic acid during these periods

so that they could be compared with the control periods. The excretion

values during these periods, in cases where they were well below the

average for the individual, were omitted from the comparisons made in

table 1.

Figure 1 which shows the daily excretion values of subject D for 12

weeks, including four menstrual periods, illustrates the effect of men-

struation. The depressing effect of menstruation was pronounced in

the second week as indicated by the average value of 37 mg. as com-

pared with the normal value for this subject of 51 mg. Also the value

for the first day of the week, which oi’dinarily was very high due to the

saturation period of the preceding day, was very low— 30 mg. The
next menstrual period which occurred during the sixth week began
on the day of the saturation period and again resulted in a low value

on the first day of the week. The average value for week 6, however, was
normal (52 mg.) since the value for Monday was not included in the

5-day average and several high values occurred later in the week. The
third menstrual period m week 8 was very similar to that in week 2

with a low value on the first day and a low average of 38 mg. for the

week. During weeks 1, 2, 3, 4, 5, 6, 8 and 9, in all of which the subject

was receiving 75 mg. of ascorbic acid per day in one form or another,

no daily values below 35 mg. occurred except just preceding or during
menstrual periods. During tliese menstrual periods there were seven
daily values below 35 mg., two of which occurred on hlondays. The
values for the 5 Mondays of normal weeks ranged from 58 to 118 with
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an average of 93 mg. of ascorbic acid while those which occurred in the
3 weeks of menstruation ranged from 30 to 38 with an average of 34 mg.
ascorbic acid. Because of the magnitude of these differences it is not

reasonable to suppose that they occurred by chance.

In experiment II, however, little or no effect of menstruation was
noted. No satisfactory explanation is apparent for this discrepancy

between the observations made in the two experiments. In experiment

II the concentration of ascorbic acid in the tissues was undoubtedly

lower than in experiment I because of the lack of weekly 1-day satura-

tion periods, but otherwise the conditions were similar. Subject L in

this group was in 'the first month of pregnancy so menstruation was

not a factor, but this subject showed more fiuctuation than any other.

No mention of any effect of menstruation on the excretion of ascorbic

acid has been made by other workers studying the availability of as-

corbic acid. Pillay ( ’40), however, observed a relation between ovulation

time and minimum excretion of ascorbic acid and Mickelsen et al. ( ’43)

noted an increase in the plasma ascorbic acid level of women during

the middle of the menstrual cycle. Prom the data accumulated in this

study it would appear that there is some relation between menstruation

and ascorbic acid excretion. It may be of little significance from the

viewpoint of the nutritionist, but it is a factor to be considered in carry-

ing out ascorbic acid metabolism studies.

SUMMAEY AND CONCLUSIONS

The availability of the ascorbic acid of papayas and guava juice was

determined by comparing the urinary excretion of ascorbic acid by

human subjects maintained on a diet low in ascorbic acid: (a) when

receiving 75 mg. of synthetic ascorbic acid per day; and (b), when re-

ceiving an equivalent amount of ascorbic acid in the form of papayas or

guava juice. Two experiments involving a total of fourteen subjects

(eight men and six women) were carried out.

The two experiments differed from each other only in the way in

which the experimental periods were divided. In the first experiment 6 -

day periods preceded by a 1-day saturation period were used. In the

second experiment the subjects remained continuously on the basal

diet plus 75 mg. of ascorbic acid for 5 weeks, the first 2 wmeks serving

as a preliminary adjustment period and only the last 3 weeks being

used for purposes of comparison. This latter procedure greatly re-

duced the variation in the data obtained.
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No significant diifercnces in tlie availability of the ascorbic acid of

papayas or guava juice as compared with synthetic ascorbic acid were
found in either experiment.

Blood plasma ascorbic acid levels which were determined in experi-

ment n were similar in all experimental periods. Subjects receiving 75

to 80 mg. of ascorbic acid per day' over a period of 5 weeks maintained

plasma levels of from 0.7 to 1.0 mg. %.
In some instances menstruation appeared to have a depressing ef-

fect on the excretion of ascorbic acid.
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mono-calcium phosphate 1, cod liver oil 2, liver extract ®
4, and choline

chloride 0.3. Crystalline vitamins * were added to supply the following
amounts per 100 gm. of ration: thiamine 400 lag., riboflavin 800 pg.,
calcium pantothenate 1.5 mg., biotin 20 pg., and nicotinic acid 3.0 mg.
Ten milligrams of alpha tocopherol and 10 pg. of menadione dissolved in
corn oil were fed twice weekly by dropper. Control animals received the
same diet plus 400 pg of pyridoxine hydrochloride per 100 gm. All of

the birds were kept in heated cages' Avith raised screen bottoms as pre-

viously described.

Actde deficiency in day-old ducJciings

In experiment I the deficient diet Avas fed to 4-day-old Avhite Pekin

ducklings Avhile four others received the same diet to Avhich pyridoxine

was added. The animals Avere Aveighed daily and observed for sjTuptoms

of deficiency. Hemoglobin and red cell counts Avere made at Aveekly in-

tervals. Blood smears Avere also taken and stained supravitally Avith

0.2% alcoholic Azure II folloAved by Wright-Giemsa counter stain.

The Aveight curves and the hematological data are shown in figure 1.

After the birds had received the deficient diet for about 3 weeks, one of

the birds died. To keep the other birds alive, a small amount of pyrid-

oxine (50 pg. per 100 gm. of ration) was added to the ration for a period

of 4 days. The data shoAV that on the ration lacking in pyridoxine the

groAvth was very poor, and this AAms accompanied by the development of

a severe anemia. Data obtained the day before the one duck died shoA^ed

a hemoglobin value of 3.5% and a red cell count of 900,000 per cu. mm.,

Avhile figures for the control birds Avere 7.35% hemoglobin and 1,810,000

red cells per cu. mm.® All three of the remaining birds shoAved a prompt

response to this small amount of pyridoxine as shoAvn by the gro'wth

curves and by the blood picture. It is apparent that at the time the

experiment was ended the birds Avere again shoAving anemia.

Erom the blood smears it was possible to compare the relative size of

the cells from the deficient and control birds. The length and width of

twenty-five cells in a smear from a deficient bird Avere measured with a

calibrated micrometer eye-piece. They shoAved a mean maximum length

of 11.04 p, mean maximum Avidth of 6.46 p. Similar data from a control

^Fraction “L” supplied by The Wilson Laboratories, Chicago.

‘Supplied by Merck and Co., Inc., Eahway, NewJersey.

^ The foUomng data are the average results obtained n-ith young ducklings 4 to 10 days o

Tvhich received commercial duck pellets; Hemoglobin— 8.1S gm./lOO ml.; red blood^cehs

1.98 million per cu. mm.; hematocrit— 28.8 nil./100 ml.; mean cell volume 141 /!
',

nica

cell hemoglohiu— 41.8 /ifig.

;

mean cell hemoglobin concentration— 29.4%.
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duck were mean masimum length 11.45 (i, and mean maximum width

7.19 u. Assuming that the cells are perfectly ellipsoidal, the areas were

calculated according to the formula: Area= n/4 X length X width.

This gave a mean area of 56.21 |i- ± 8.42 for the cells of the deficient

bird compared ivith 64.67 ± 1-12 for the control. The difference is

8.46 M-, a value 4.5 times the standard error of the difference. Thus the

Fig. 1 Data showing the derelopment of pyridoiine deficiency in day-old duchlings. Ration

containing 50 ng. of added pytidoxine (per 100 gm.) 'waa fed during the period.

cells from the deficient birds are significantly smaller than those from
the controls. This is also borne out by studies on older ducks reported

below.

No clear-eut symptoms other than poor growth and anemia were ob-

served in the deficient birds. They were weak and small, but no der-

matitis or nervous symptoms were seen although these were specifically

looked for.
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Requirements for groivtk .

'

In an attempt to establish the approximate requirement for pyridoxine
five groups of four ducks each were fed the basal diet to which were
added 0, 30, 50, and 100 pg. pyridoxine hydrochloride per 100 gm. of

ration, respectively. In a second similar experiment, levels- of 50, 75,

and 100 pg. per 100 gm. were fed. The results obtained during a 2-week

period in these experiments are summarized in table 1. It appears

that the duck requires approximately 100 pg. of pyridoxine per 100 gm.

of ration in addition to that already present in the basal diet. This basal

diet is very similar to ration 483B used by Briggs et al. (’42) with

chicks which wms found to contain about 100 pg. per 100 gm. However,

TABLE 1

Stvdies on the pyridoxine requirement of the duckling.

PYRIDOXINE ADDED
TO BASAD RATION

NUMBER
OT DUCKS

i
CAIN T>Er. DUCK

j

rr.y! day
1

GAINS AS PER CENT

I
OF CONTROLS

iigjioo am.
1

prn.

None ->
! 6.0 25.6

30 4 11.6
,

43.0

50
i

17.3 i 64.0

75 4 23.2 86.0

7‘
;

26.3 97.5

7'
j

27.0
j

100.0

' Average of t-wo experiments, one group of 4 and another of 3 animals.

the liver extract ^Ye have used was not alcohol extracted. Assuming a

figure of 100 to 150 pg. of pyridoxine per 100 gm. of basal ration, the

requirement of the duck would be about 200 to 250 pg. per 100 gm. of

ration. This value is similar to that found for chicks (Briggs et al., ’42),

275 to 300 pg. per 100 gm. of ration. It is apparent that the require-

ments of the chick and the duck based upon the content of the ration are

not greatly dissimilar.

Chronic pyridoxine deficiency

Pyridoxine deficiency in four ducks from 2 to 3 weeks old was produced

by feeding the same ration. These birds had received duck pellets until

they were started on the experimental regime. They showed a failure of

growth soon after being placed on the deficient diet. Feathering was

poor and practically all of the feathers wmre lost over the back and sides,

and the pinion feathers did not develop. As noted earlier (Hegsted and

Stare, ’45), poor feather development on this ration may be related
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to deficieucies of unidentified factors. A paralysis developed wliicli was
characterized by weakness and difficulty in standing. At times the birds

sat on their hooks with the head laid on the floor. The toes had a tendency

to turn in, and the birds apparently could not extend their toes to stand

squarely on their feet. Occasional periods of violent tremors were ob-

served during which the birds shook violently as if suffering from a chill.

A few minutes later they might appear quite normal except for a slow

uncertain gait or might be quite weak and fall forward on the breast

and then be unable to pull their feet forward under the body. The whole

picture was variable from day to day, severe symptoms occurring 1 day

but relatively normal appearance other than the condition of the feath-

ers a few hours or a day later.

Hemoglobin,® red cell counts, and hematocrit determinations were

made at intervals during the development of the deficiency and after

treatment with pyridoxine. The complete protocols of two birds are

shown in table 2. Duck no. 1 was bled at intervals at the beginning in

order to put some strain upon the hematopoietic organs and this bird

developed the deficiency before the others. The blood picture is charac-

terized by a drop in hemoglobin, red cell count, and hematocrit. The
decrease in these three is, however, not proportional so that the anemia,

as shown by the calculation of mean cell volume, is generally micro-

cytic. Normal cell volumes of approximately 140 fall to levels as low

as 85. There appears to be a slow development of the anemia which

is followed by a crisis when the values drop precipitously. In some of

the birds, the mean coll hemoglobin and the mean cell hemoglobin con-

centration fell to low levels. At these times the blood smear was chai--

actcrized by the presence of large numbers of young red cells.

The response to pyridoxine is exceedingly prompt. The blood picture

becomes approximately normal within a few days. A growth response

occurs immediately as well.

DISCUSSION

Growth failure is the first symptom of pyridoxine deficiency noted in

these animals. The duck is remarkable in the speed with which it de-

velops vitamin deficiencies, ilifferences in the rate of gain are clearly

evident within 3 or 4 days after day-old ducklings are given the deficient

ration, in spite of the fact that the basal diet probably contains about

* Ten cu. mra. of blood were diluted with 10 ml. of N/10 HCl. After a few minutes standing,

1 ml. of 2N NaOH was added to dissolve the cell stroma after which the hemoglobin content

was determined with a Coleman Spectrophotometer at 380 tom. Readings were compared with

a standard curve made from duck blood which had been analyzed for 0, capacity by the Van
Slyke method.
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50% of the total pyridoxine requirement. This is no doubt related to the

extremely rapid rate of gain which at some stages is equal to 25%
of the body weight per day.

The anemia develops more slowly and paralysis and convulsions ap-

pear to be symptoms of ohronio deficiency. Periods of convulsion were

common in the older ducks which survived long periods upon the defi-

cient ration but were not observed in very young ducklings. Thus some

of the difference in species noted earlier may be simply differences in

certain of the symptoms related to the age of the animals and relative

degree of deficiency. Rations completely lacking in a vitamin may
produce acute sjunptoms much different from those which develop over

longer periods of time. This has been clearly shorvn by Shaw, Phillips

and Elvehjem (’45) in vitamin C deficiency in the monkey. It is as yet

uncertain whether a derangement of tryptophane metabolism occurs in

birds (Lepkovslry, Eohoz and Haagen-Smit, ’43). Attempts to demon-

strate xanthurenic acid in the droppings of severely deficient ducks

were unsuccessful.

SUMMARY

Severe acute pyridoxine deficiency in young ducklings is characterized

by growth failure accompanied by severe anemia. Neither convulsions

nor paralysis were observed in these birds. The pyridoxine requirement

of young ducklings is similar to that of chicks, approximately 250 pg.

per 100 gm. of ration.

Chronic pyridoxine deficiency in older ducklings produced lack of

growth, paralysis, convulsions, severe microcytic anemia, and poor

feather development.

LITERATURE CITED

Bbjqqs, G. ]Nf., Ja., R. C. SIills, D. M. Hbgsted, C. A. ELVEHJEii and E. B. Hart 1942

The vitamin B# requirement of the chick. Poultry Sci., vol. 21, p. 379.

OARTWRIQUT, G. E,, M. M. WlNTROBE, P. JONES, M. LaURITSBN AND S. HUMPHREYS 1944

Tryptopljane derivatives in the urine of pyrdoxine-deficient swine. Bull. Johns

Hopkins Hosp., vol. 104, p. 34.

Fours, P. J., AND S, Lepkovsky 1942 A green pigment-producing compound in urine of

pyridoxine-deficient dogs. Proe. Soc. Exp, Biol. Sled., vol. 50, p. 221.

Hbgsted, V. M., R. C. JiIills, C. A. Elvehjem and E. B. Hart 1941 Choline in the nutrition

of chicks. J. Biol. Chem., vol. 138, p. 459.

Hegsted, B. hi., and F. J. Stare 1945 Kutritional studies with the duck. I. Purified rations

for the duck. J. Nutrition, vol. 30, p. 37.

KoRNunio, A., H. Tabor and W. H. Sebbell 1945 Blood legoneration in pyridoxine-deficient

rats. Am. J. Pliysiol., vol. 143, p. 434.

Lepkovsky, S. 1942 Pyridoxine. The Biological Action of the Vitamins. University of Chi-

cago Press, pp. 111-119,



374 D. M. HEGSTED ASTD M. N. KAO

Lepkqvskt, S.. and E. Nielson 1942 A green pigment-producing, compound in urine of

pyridoxine-deficient rats. J. Biol. Chem., vol. 144, p. 135.

Lbpkovsky, S.j E. Eoboz and A. J. Haagen-Smit 1943 Xanthurenic acid and its role in

the tryptophane metabolism of pyridoxine-deficient ratp. J. Biol. Chem., vol. 149,

p. 195.

Lucket, T. D., Gt. M. Briggs, Jr., C. A. Elvehjeit and E. B. Hart 1945 Activity of py-

ridoxine derivatives in chick nutrition. Proc. Soc. Exp. Biol. Med., vol. 58, p. 340.

p. 340.

Shaiv, j. H., P. H. Philups and C. A. Elvehjem 1945 Acute and chronic ascorbic acid

deficiencies in the Ehesus monkey. J. Nutrition, vol. 29, p. 3C5.



THE EFFECT OP GENETIC VABIATION IN THE FOWL
ON THE THIAMINE CONTENT OP THE EGG'

KEVIN S. SCBIMSHAW,’ F. B. HBTT* AND ilAKV W. SCBIMSHAW »

IVITH THE ASSISTANCE OP C. E. SULLIVAN

Department of Physiology anil Tifol Sconomifs, School of iledicine and Denfistri;,

The University of Pocheslcr^ Poehester, Netc Torlc; and Department of Poultry

Husbandry, Cornell University, Ithaca, Keto YorJ:

(Received for publication June 18, 1945)

Differences in the vitamin content of eggs and other food products

are known to ocenr as the result of many factors. Of these none are

more interesting than those variations which are based on genetic dif-

ferences. The data presented here show that the thiamine content of

tlie eggs of .one of the common breeds of domestic fowl differs markedly

from that in two others.

Some years ago, Niehita and Iftimosco (’34), and Nichita, Tuschak

and Calcef (’34) found that adult IMiite Leghorns could withstand a

deficiency of vitamin Bi much better than Bhode Island Beds. Since

the diets used for the two breeds were not identical, there was some
question as to whether these breeds differed genetically in nutritional

requirements. Lamoreux and Hutt (’39), using chicks instead of adults,

proved that White Leghorns as a bi'eed are more resistant than either

Bhode Island Rods or Barred Plymouth Rocks to a deficiency of vita-

min Bi. Their experiments gave little clue to the basis for the difference

and the present study was made to obtain further information on this

point.

PROCEDUBE

Whereas in the previous experiments the procedure was to deter-

mine how well the test animals could withstand diets deficient in thia-

mine, in the investigation here reported all birds were given a diet

containing ample thiamine and the breeds were then compared with

respect to the amount of that substance deposited in their eggs.

MTiile the quantitative requirement of thiamine by mature laying

fowls has not yet been determined, it is not likely to he greater than

* Aided by a Research Fellowship from Swift and Company, Chicago, Illinois. Number 20

in the scries by F.B.H. entitled “Genetics of the Fowl.’*

*At the University of Rochester.
‘ At Cornell University.
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that for growing chicks, Avhich Arnold and Elvehjem ( ’38) found to be
60-80 pg. added jier 100 gm; of “low thiamine” feed. Upon analysis,

the thiamine content of the grain used in this experiment was found
to he 410 pg., and of the mash 540 pg. per 100 gm. of feed. The birds’

diet consisted of approximately half grain and half mash, and it is ob-

vious that they consumed an abundance of thiamine.

The eggs analyzed for breed comparisons were laid at Cornell Uni-

versity by pullets varying in age from 7 to 9 months. The flocks of tbe

different breeds were kept under comparable conditions and none of

the birds had been laying for more than about 3 months. On December

19, 1944, twenty-four eggs, each laid by a different hen, were taken for

analysis. Twelve of these were laid by White Leghorns and twelve by

Rhode Island Reds. Two weeks later another twenty-four eggs were

taken on 1 day. Of these, half were laid by twelve different Barred

Rocks, and the rest by twelve White Leghorns, none of which had con-

tributed to the previous sample. These eggs were all assayed indi-

vidually, thus yielding determinations for twenty-three different White

Leghorn pullets and for eleven of each of the two heavy breeds (one

egg was lost through accident in each lot).

Other White Leghorn eggs from a poultry farm near Rochester were

analyzed at intervals from January, 1944 to April, 1945. The grain

fed this flock contained 400 pg. of thiamine and the mash 580 pg. per

100 gm. of feed. Although analysis %vas done only on the feed of April,

1945, the hens were presumably on the same diet during the entire

period studied. Before analysis the eggs were weighed, broken, and,

the yolk carefully separated from the ivhite by repeated pourings be-

tween the half shells. The white Avas Aveighed separately and the total

weight obtained after the yolk was added. These egg contents Avere

then mixed in a Waring Blender. Thirty grams of the blended contents

were taken as a sample, diluted to 250 ml., acidified to pH 4.0 or below,

and stored at about 5°C. All thiamine assays were carried out by the

macro-fermentation method of Schultz et al. ( ’42) as modified by Scrini-

shaAV and SteAvart (’44). Nearly half of the samples A\mre routinely

checked by tA^m separate assays, including any determinations that

seemed to be out of range.

RESULTS

In table 1 the thiamine values are expressed as (1) the amount per

egg, (2) the amount per 100 gm. of egg contents (to permit comparison

AA'ith other determinations thus expressed), and (3) the amount per

100 gm. of yolk. This last figure is probably the best measure of thia-
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mine content for breed comparisons since all of tbe thiamine is origi-

nally deposited in tbe yoUc (CMck and Roscoe, ’29; Ellis et al, ’33;

Baker and Wright, ’35; Bethke et al., ’36; Scrimshaw and Stewart, ’44),

If the thiamine content is not described in this manner, consistent dif-

ferences in the ratio of yolk to total contents may obscure real differ-

ences in thiamine content. However, in the fowls studied the percentages

of yolk found in the eggs of the different breeds were remarkably similar.

For the White Leghorns the amount of thiamine per 100 gm. of yolk

(279 pg.) was 66% greater than that in eggs of Rhode Island Keels

(167 pg.) and 60% greater than the figure for Barred Rocks (175 pg.).

Application of the t test shows (table 2) that, even with the compara-

tively small numbers involved, these differences are statistically sig-

nificant.
TABLE 2 , .

Tests for significance of differences between Mode Island Ueds, Barred Bods and White

Leghorn breed. luitJi respect to thiamine content of their eggs.

TUIAIIINE PER Eoa THUStIXE PER 100 051. TOO YOEK
BREEDS COMPARED

Difference t P Difference t P

E.I.E.— B.R. 0.9 .33 .7-.8 7.4 .72 .4-.5

W.L.— E.LS. 14.7 6.70 <.01 111.7 8.73 <.01

W.L. — B.R. 15.6 7.07 <.01 104.3 8.09 <•01

W.L.— both heavy

breeds combined 15.2 8.43 <.01 107.8 11.18 <01

IWiether the thiamine be measured as the amount per egg or as the

amount per 100 gm. of yollt, the small differences between the Rhode

Island Reds and the Barred Rocks were quite insignificant. In contrast,

the values for p of < .01 in all the comparisons of IVhite Leghorns with

the two heavy breeds show that the excess of‘thiamine in the Leghorn

eggs is highly significant. In the eggs of twenty-three different l¥hite

Leghorn hens, the thiamine content varied from 214 to 360 pg. per 100

gm. yoUc, but in eggs from twenty-two birds of the heavy breeds the

range was only from 127 to 200 pg. except for a single egg with an assay

of 235 pg.

It should be pointed out that the Leghorns laid somewhat smaller

eggs than did the other two breeds, because they had not been laying

quite as long as the others. Experience with eggs of these breeds at

Cornell has demonstrated that the eggs of White Leghorns laying at

maturity are not smaller despite the smaller size of the birds.

The yolk weight was also smaller in the Leghorn eggs than in either

of the other two breeds by a statistically significant amount. Since all

of the thiamine is contained in the yoUr, this should mean less thiamine
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in tlio eggs of White Leghorns. Similarly the heavy breeds would be

expected to show more thiamine per egg because of the slightly larger

yolks. When the correlation between the thiamine per egg and the

weight of the yolk is examined the following coefSoients are found. : in

Leghorns r— 0.232, p= 0.2-0.3; in Rhode Island Reds and Barred

Rooks combined r == + 0.728, p= < 0.01.

While the correlation in the heavy breeds is highly significant statis-

tically, that for the Leghorns is less so. However, both indicate that

the amount of thiamine increases with yolk size. The observation that

the somewhat smaller yolks of the Leghorns contained more thiamine

than the larger yolks of the heavy breeds is all the more striking, be-

cause it is in contrast to the relationship shown by these correlations.

TABLE 3

content of White Leghorn eggs from a potiltnj form.

DVTE
XOQS JS

NBMnFJl

51BAK WEIGHT
or CONTEKTS

IN OBA5IS

TJHAMIMS IK JtICROGRASfS

pPf fCB per 100 pm. egg

Jan. 21. 1944 24 54.8 48,2 88

Feb. 24, 1944 30 50.2 51.1 91

Apr. 1, 1944 1.5 54.0 59.5 100

Oct. 12, 1944 10 50,3 48.3 96

Oct. 27, 1944 10 42.6 42.6 100

Jan. 1, 1945 20 47.6 44.3 93

Jan. 29, 1945 10 51.8 37.3 72

Feb. 8, 1945 10 50.7 40 6 80

Mar. 10, 1945 10 48.5 48.5 100

Apr. 12, 1945 10 50.6 50.0 100

Averages, tliese Legborns: 50.8 47 93

Averages, Cornell Lcgliorns*. 47.0 49 105

The question arises whether the comparisons of the breeds might be

influenced by the fact that the Barred Rocks and Rhode Island Reds
had been laying about G weeks longer than the Leghorns when the eggs
were taken for analysis. This possibility seems unlikely, because the

amount of thiamine in the diet was too far in excess of the bird’s re-

quirements to permit any depletion of reserves in the body, kloreover,

a series of determinations on White Leghorn eggs from a nearby
poultry farm (table 3) showed concentrations of thiamine quite com-
parable with those for the Cornell Leghorns. None of them approached
the low content found in eggs of Barred Rocks and Rhode Island Rods.

These analyses were made at different seasons in the course of 2

years and with the supply flocks in different stages of egg production.
Since the seasonal,variations are comparatively small, it seems un-
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SUMMARY

Using a modified macro-fermentation assay procedure, tlie mean
tliiamine content of the egg was compared in three different breeds of

domestic fowl. These were kept under comparable conditions and tbeir

diet contained about 5 pg. of thiamine per gram. The thiamine content

was found to average 279 (in pg. per 100 gm. of yolk) for llTiite Leghorn

eggs, 167 for Rhode Island Reds and 175 for Barred Rocks (105, 64,

66 pg. per 100 gm. of egg contents, respectively).

From these results and other .reports for hens on diets deficient in

thiamine, it is concluded that the White Leghorns must differ geneti-'

cally from the other two breeds in the capacity to utilize more efficiently

the thiamine in their diet.

LITEBATUEE CITED

Arnold, A., and C. A. ELVEHJEit 1938 Studies on the vitamin B, requirements of growing

cliieks. J. Nutrition, vol. 15, p. 403.

Baker, A. Z., and hi. D. Wright 1935 The vitamin B, content of foods. Bioehem. J., vol.

29, p. 1803.

Beadle, G. W., and E. L, Tatuu 1941 Genetic control of biochemical reactions in Nciiro-

spora, Proc. Nat. Acad. Sci., vol. 27, p. 499.

Bethke, E. M., P. E. Eecord and P. W. Wilder 1936 The effect of the ration of the hen on

the vitamin G content of egg with observations on the distribution of vitamin B

and G in normal eggs. J. Nutrition, vol. 12, p. 309.

Chick, H., and M. H. Eoscoe 1929 A method for the assay of the antinenritic vitamin B, in

which the growth of young rats is used as a criterion. Bioehem. J., vol. 23, p. 498.

Ellis, N. E., D. Miller, H. W. Titus and T. H. Byerly 1933 Effect of diet on egg compo-

sition. ill. The relation of diet to the vitamin B and the vitamin G content of eggs,

together with observations on the vitamin A content. .1. Nutrition, vol. 6, p. 243.

Hutt, P, B. 1938 Genetics of the fowl. VII. Breed differences in susceptibility to extreme

heat. Poultry Sci., vol. 17, p. 454.

1941 The association of physiological traits with breed characteristics in the

fowl. Proc. Seventh Internat. Genetieal Congr., Edinburgh, 1939. Supplement to

J. Genet., p. 156.

Hutt, P. B., and J. C. Scholes 1941 Genetics of the fowl. XIII. Breed differences in sus-

ceptibility to Salmonella pullorum. Poultry Sci., vol. 20, p. 342.

Bight, E. F., and L. J. Cracas 1938 Vitamin B requirements of different strains of white

. rats. Science, vol, 87, p. 90.

Lamoreux, W, P., and P. B. Hutt 1939 Breed differences in resistance to a deficiency of

vitamin B, in the fowl. J. Agric. Scs., vol. 58, p. 307.

1939 Variability of body temperature in the normal chick. Poultry Sci., vol. 18,

p. 70.

Nichita, G., and 6. IPTIMESCO 1934 Eecherches sur I’.avitaminose du coraple.x B chez ics

poules Leghorn blanches. Ann. Inst, Natl. Zootech. Eoumanie, vol. 3, p. 79. (AIs®

in Compt. Eend. Soc. Biol. (Paris), vol. 117, p. 289, 1934.)

Nichita, G., N. Tuschak and C. Calcep 1934 Eecherches sur I'avitaminose du complex B

chez les poules Ehode Island Eed. Ann Inst. Natl. Zootech. Eoumanie, vol. 3, p. 8».

(Also in Compt. Eend. See. Biol. (Paris), vol. 117, p. 283, 1934.)



GEKETIC DIFFERENCES IN EGG THIAMINE 383

Schultz, A. S., L. Atkin and G. N. Prey 1942 Determination of vitamin B, bj yeast fer*

mentation method. Improvements related to use of sulfite cleavage and a nevr

fermentometer. Ind. and Eng. Chem., Anal. Ed., vol. 34, p. 35.

Scrimshaw, N. S., and W. B. Stewart 1944 ITae of the macrofermentatioa method for

thiamine assay. J. Biol. Chem-, vol. 155, p. 79.

Scrimshaw, N. S., W. P. Thomas, J. IV. McKibben, C. E. Sullivan and K. C. Wells 1944

Thiamine content of hen eggs dnnng incubation. J. Nutrition, vol. 28, p. 235-

Waite, R. H. 1934 Peed consumption studies based on six ilarj'land egg laying contests.

Maryland Agr. Exp. Sta. Bull. no. 359, p. 291.





PHYSIOLOGICAIi AVAILABILITY TO THE BAT OF CEUDE
CAEOTENE IN VEGETABLES

BERNARD L. OSER AND DANIEL MELNICK
Food Research Xaborafories, Inc., lyong JsfonJ City

(Received for publication June 9, 1945)

Using the dark adaptation test as a measure of carotene utilization

by man Boober and associates ( ’39 a, b) found that the carotene in

spinach was approximately 1.7 times as effective as that contained in

peas while the carotene in both of these vegetables was utilized better

than when taken in cotton,seed oil. Carotene was less efficiently absoi'bod

from carrots than from butter in the human intestinal tract (Kreula

and Virtanen, ’39).

Lease and co-workers (’39) and Sherman (’40, ’41) have observed

that the utilization of carotene by the rat in curative growth tests is a

fimction of the solvent. Smith and Otis ( ’41) reported that the quantity

of vitamin A in the livers of depleted rats fed carotene varied with the

source. Using essentially the same tcohnio Guggenheim (’44) has

demonstrated that the utilization of carotene derived from various

plant materials ranged between 33 and 67% of that noted when pre-

formed vitamin A was taken. In the case of lettuce, however, carotene

utilization was found to equal that of the preformed vitamin.

Studies during the past several years (Bacharach, ’40; Davies and

hloore, ’41; and Harris and associates, ’43) have demonstrated that

vitamin E (tocopherol) improves utilization of carotene by protecting

it against oxidation primarily in the intestinal tract. In this connection

it is of interest that of the vegetables tested lettuce was found to con-

tain the highest amount of vitamin E (Karrer and Keller, ’38). Gug-

genheim (’44) was able to demonstrate that supplementation of the

basal carrot diet with tocopherol doubled the biological value of the

carotene content. These findings suggest that the variability in re-

sponses following the ingestion of carotene derived from different food

sources, reported for both the rat and the man, may be due in part to

variations in tocopherol intake.

In the present studv’ results are reported on a variety of vegetable

products correlating the colorimetrically determined crude carotene

385
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content with biological vitamin A potency. Tocopherol was raled out
as a variable in the biological assays,

EXPERIMENTAL PART

Assa^j materials. These were canned vegetables prepared from one
batch and stored during the period of assay at 5°C. For an evahmtion of

the physiological availability of carotenk derived from a vaiietj' of

vegetables it was considered desirable to use canned pureed or chopped

vegetables rather than raiv products. This avoided uncertainty re-

garding either the uniformity of the assay doses or the stability of the

carotenoids, inasmuch as no active enzymes remained in the heat-

processed foods.

Assa^ procedures. A photometiic adaptation of the A.O.A.C. (’40)

colorimetric procedure was employed for estimating crude carotene.

The standard was 6-carotene, recrystallized according to the method

of Kemmerer ( '41). The test is condncted on the unsaponifiable fraction

after the removal of the xanthophyls by extraction of the petroleum

ether solution with 90% methanol. Wlien tomatoes were present, the

Ijmopene and xanthophyl in the unsaponifiable extract were first re-

moved by adsoi’ption on specially prepared magnesium carbonate

(Praps and associates, ’40). In the International Standard for vitamin

A, one unit is 0,6 Mg- of pure fi-carotene. However, in setting the feeding

levels for the bioassays 1 pg. of crude carotene Avas assumed to have the

potency of one unit of vitamin A. Once each week a fresh can Avas opened

for preparation of the assay supplements. The remaining portion was

stored at h^C. under nitrogen. Tocopherol AAms eliminated as a variable

in the bioassays by tbe daily administration to each rat of 0.1 ml. of

cottonseed oil containing 0.3% mixed tocopberols.- Since approximately

0.2 mg. tocopherol was supplied daily Ada the cottonseed oil in the basal

diet, the I'ats received a total of approximately 0.5 mg. tocopherol per

day. The results of recent studies (Harris and associates, ’43) indicate

that the optimal effect of tocopherol supplementation of the basal ration

is attained at the level of 0.5 mg. per day.

In order to permit estimates of potency to be calculated from the

animal data, the USP reference cod liver oil Avas fed at three levels, 2,

3 and 4 units per day, and the assay material at an assumed level cor-

' Colorimetiie earotene analyses (A.O.A.C., ’40) of the material removed from the comiJiercia!

container before and .after storage in jars for periods of 2 weeks at 5°C. gave the same valaes,

indicating no loss of the provitamin,

^ Obtained from Distillation Products, Inc., Rochester, Ne^Y York. In the fortification of

cottonseed oil correction was made for the purity of the mixed tocopherol solution.
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responding to the median dose, 3 units. Each estimate of potency was
based on interpolation of the assay response on the curve for the com-

parable reference groups.

RESTmTS

Eighteen samples of ten vegetable products were tested by the

colorimetric and biological assay procedures. The results listed in

table 1 show good parallelism between the bioassay data and the vitamin

A values predicted by the non-biological method. On the average, 1.0 |jg.

of crude carotene (free from santhophyl and lycopene) in these vege-

tables was found to be equivalent to one USP unit of vitamin A.,

TABLE 1

ComparaWe fiiawim A activity of carotenes in a variety of heat-procesaed veffctohles.

MATEBIAli
SAMPLE

MO.
CAROTENB
CONTENT ‘

(A)

BfOASSAT * ESTIKATK
OP VITAMIN A POTENCT

(B)

RATIO
( t/n)

1

ng (am

C2

USP nn^ts(om

54 1.0
Carrots

2 32 36 0.9

3 17 17 1.0
Knlo— SWISS chard

4 20 19 2.1

5 17 IS 0.9
Mixed greens *

C 14 18 0.8

Prunes 7 5 6 0.8

Pumpkin 8 25 28 0.9

p 29 27 1.1
Spinach

10 34 36 0.9

Squash 11 S5 17 1.5

Squasii— pumpkin 12 19 17 1.1

Tomato * product 13 15 14 1.1

34 25 32 0.8

15 20 33 0.9

Vegetable soups 10 18 23 0.8

17 14 16 0.9

18 13 17 0.8

Mean ratio of carotene content to vitamin A potency 1.0

* Crude carotene, free from xanthophyls, estimated colorimetTienUy (A.O.A.C., '40).

* Based on the procedure of the U. S, Pbarmacopoeia XII (’42).

*Kalo, sTriss cliard and lettuce.

* The lycopene and santhophyl in the unsaponifiaWe extract were remored by adsorption on

a specially prepared magnesium carbonate (Fraps, Kcmmcrcr and Greenberg, '40),
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In the case of two fruit products, an apricot-apple mixture and a
peach puree, the biological responses were found to be far in excess of

those predicated upon the carotene values. The bioassajr estimate for
the former product was 25 units per gram while the latter was fonncl

to contain 12 units per gram. The colorimetric analyses indicated that

there were only 4 ag. carotene per gram in each of these products. Since

the responses by the animals to the materials fed at the levels suggested

by the colorimetric tests were far in excess of that obtained with the

maximal dose of the USP reference oil, the assays ivere reiieated at

higher assumed levels of vitamin A content. The responses then fell

within the reference points obtained with the USP oil so that these

bioassay estimates are considered to be trustworthy. The colorimetric

values were confirmed by replicate analyses. The results obtained with

these two materials indicate that the crude carotene content of fruit

products may not be a reliable index of vitamin A potency- Other sub-

stances maj^ be present wiiich have vitamin A activity but w'hich are

either not initially extracted or are removed by the aqueous or 90%

methanol washings of the unsaponifiable extract, or do not absorb light

at 450 millimicrons. This problem merits further study.

SUMMARY

In testing heat-processed vegetables good correlation is obtained

between tbe bioassay estimates of vitamin A potency and those predicted

from tbe results of colorimetric analyses for crude carotene, provided

that in the rat assay the tocopherol variable is eliminated. In these

products 1.0 ag. of crude carotene (free from xanthophjd and lycopene)

is equivalent to one USP unit of vitamin A. No great differences are

observed in tbe physiological availability of tbe carotene derived from

these vegetable products. In the case of some fruit products tbe potency

predicted from the crude carotene values may significantly under-

estimate the biological vitamin A actirdty.
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MEAD JOHNSON AND COMPANY
‘B-COMPLEX’ AWAHD

Nominations are solicited for the 1946 Award of $1,000

established by Mead Johnson and Company to promote re-

searches dealing with the B complex vitamins. The recipient

of this Award will be chosen by a Committee of Judges of the

American Institute of Nutrition and the formal presentation

will be made at the annual meeting of the Institute in the spring

of 1946.

The Award will be given to the laboratory (non-clinical)

or clinical research worker in the United States or Canada

who, in the opinion of the judges, has published during the

previous calendar year January 1st to December 31st the

most meritorious scientific report dealing with the field of the

‘B-oomplex’ vitamins. MTiile the award will be given primarily

for prrblication of specific papers, the judges are given con-

siderable latitude in the exercise of their function. If in their

judgment circumstances and justice so dictate, it may be

recommended that the prize be divided between two or more
persons. It may also be recommended that the award be made
to a worker for valuable contributions over an extended period

but not necessarily representative of a given year. Member-
ship in the American Institute of Nutrition is not a requisite

of eligibility for the award.

To be considered by the Committee of Judges, nominations

for this award for work published in 1945 must be in the hands

of the Secretary by January 10, 1946. The nominations

should be accompanied by such data relative to the nominee

and his research as will facilitate the task of the Committee
of Judges in its consideration of the nomination.

H. E. Carter

Noye’i Laboratonj of Chemistry

University of Illinois

Urhana, Illinois

Secretary, American Institute of Nutrition
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BOBBEN AWARD IN NUTRITION

The American Institute o£ Nutrition will make this award in

recognition of distinctive research by investigators in the

United States and Canada which has emphasized the nutritive

significance of the components of milk or of dairy products.

The award will ho made primarily for the publication of

specific papers, hut the judges may recommend that it he given

for important contributions over an extended period of time.

The award may he duuded between two or more investigators.

Employees of the Borden Company are not eligible for this

honor.

The formal presentation will be made at the annual meeting

of the Institute in the spring of 1946. To be considered for

the award, nominations must be in the hands of the Chairman
of the Nominating Committee by January 15, 1946. The
nominations should bo accompanied by such data relative to

the nominee and his research as will facilitate consideration

for the award.
W. E. Krauss

Ohio iij^rtcwWwra? Experimeni Station

Wooster, Ohio

Chairman, Nominating Committee
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XIGOTIXIC ACID AND THE LEVEL OP PROTEIN INTAKE

IX THE NUTRITION OF THE PIG’

MAXWELL M. WIXTROBE,’ HAROLD J. STEIX, R. IL FOLLIS, JR.

AXD STEWART HUMPHREYS >

Departments of Medicinef Johns nopltns Vniversity, Baltimore, and

77niiersit<f of Vtah, Salt liOVe Clip

THREE FIGURES

(Received for publication July 19-15)

Sliortl}- following discovery of the action of nicotinic acid in “black

tongue” in dogs (Elvebjeni ct al., ’38), Chick and co-workers (’38) re-

ported the dramatic effect brought about by the administration of

nicotinic acid to pigs which had been fed a diet consisting of white

maize, peameal, purified casein, cod liver oil, and salt mixture. A need

for nicotinic acid on the part of the pig was also observed by Hughes

(’38), Iladisou, Hiller and Keith (’39), and in our laboratory (Win-

trobe, ’39).

Ill all of the experiments cited above, the diets used were no doubt

incomplete in several respects. Although the use of nicotinic acid pro-

duced a marked iinproveinent in the growth and a])pcnrnnce of pigs

receiving only thiamine and riboflavin, it was soon evident in our own
studies that additional vitamins arc required by these animals. Re-

cently we showed (IVintrobe, Miller, Pollis et nl., ’42) that excellent

growth and development take place when supplements of pyridoxine,

choline, and calcium pantotlienato are furnished in addition to thiamine,

l iboflavin, and nicotinic acid. If was then that an attempt was made to

find out what the effect in pigs is when, of the above six vitamins only
nicotinic acid is omitted. To our surprise, no ill effects were observed.

The basal diet used by Chick et al. (’38) was relatively low in protein

(about 14%) and probably lacked certain B vitamins other than nico-

tinic acid (Waisman and Elvchjem, ’40). This was true also of the diet

used by Hughes (’3S). Similar deficiencies may have been pre.sent in

‘These studies were .sided by grunts from the Iloehefellcr rouiidntion, the Fluid Research
Fund of the Julius IIfi[ikius Mcdirul School, P.irhe, Davis and Company .and the I'pjDhn Com-
pany. and Mere carried out in cooperation with the Bureau of .Vniui.al Industry, 1'. .S. Depart-
ment of .\Rrieidtnre.

‘ Present address. School of Medieiiie, Vniversity of Utah, Balt Dalle Citv, Ut.eh.

3111

Coeyrieht.
Tiie '' istar Institute of Analotnv .«nd

.\Ii nghtt. reserved.
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tlie diet of Madison et al. (’39), altliough exact information is lacking.

Our animals (Wintrobe, ’39.) were fed as much as 26.1% casein, but tbe

diet was supplemented only with thiamine and riboflavin and was defici-

ent at least in pyridoxine (Wintrobe, Follis, Miller et al., ’43) and panto-

thenic acid (Wintrobe, Follis, Alcayaga et al, ’43) as w^ell as in nicotinic

acid. It is of interest in this connection to note that the diet of tbe

pellagrin is poor in protein and minerals as well as in vitamins and

that the Goldberger experimental diet supplies protein which is poor

qualitatively as well as quantitatively.

In view of these facts it seemed possible that, when of the known

dietary factors required by the pig nicotinic acid alone was not fur-

nished, our failure to note any ill effects might be explained by some

alteration in the requirement for nicotinic acid under the conditions of

our experiment. In particular it seemed possible that the high level of

protein in the diet might be a factor of importance.

EXPERIMENTAL PROCEDURE

The animals described in this study consisted of two series. The more

important one consists of seventeen pigs derived from five litters, all of

which were received at the same time and were placed on experiment at

approximately the same age (69 to 77 days of age). These pigs w'ere

divided into six experimental groups as evenly as joossible, having' in

mind litter and weight. The remainder, which comprise forty-four pigS;

are additional animals studied from time to time which furnish supple-

mentary data concerning the role of nicotinic acid in the nutrition of

the pig. These also include litter mates divided among various experi-

mental groups. The total of sixty-one pigs make up nine groups of pigs

and several subgroups, as shown in table 1.

The “high protein’’ diet is our standard basal diet, already described

(Wintrobe, Miller, Follis et al., ’42) of which 26.1% is “crude’’ casein,

the remainder consisting of sucrose, lard, and a salt mixture. In the

“low protein, high fat’’ diet, the lard was increased to make up for the

reduction of casein, as follow^s: crude casein, 10.0%; sucrose, 56.8%;

lard, 26.8% ;
and salt mixture, 6.4%. In the “low protein, low fat” (lief

sucrose was increased to make up for the reduction of casein, as follows:

crude casein, 10.0% ;
sucrose, 73.8% ;

lard, 11.0% ;
and salt mixture,

5.2%. The diets wmre fed in such quantities that the caloric intake for

all the animals Avas the same.

The Gloldberger diet consisted of ground Avhite maize (76.4%), pon-

meal (10.3%), crude casein (6.4%), cod liver oil (4.4%), and salt nnx-
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tiire (2.5%). The protein content of this mixture was approximately

17.3%.

All diets were supplemented with cod liver oil or blended fish oils,=

0.5 gm. per kilogram body weight daily, as in experiments previously

described (IVintrobe, Miller, Pollis ot ah, ’42).

TABLE 1

Average t}aUy iceight gain of p\g& fed various experinxenial dieis.

CROUP
NO

n A s A I. n ]r E T
CBTSTAI.I.INE
VITAMIK

SUPPLEMENTS ’

NO.
or
PICS

AOE EXPERIMENT
«*ERACE

Casein Fat
Carbo-
hj*drafe

Type of
casein

Beeun
on days
-to-

Ended
on days
-to —

DAILT
AVEicnr
GAIN

% 95, % ffm.

1 20.1 11.0 57.7 “Crude” T 5 67-123 119-247 107

O 26.1 11.0 57.7 “Crude** TR 4 67- 80 106-237 108

2 16- 22 78-122 67
o 34 99-128 42

3 26.1 11.0 57.7 “Crude** TRN 11 64-107 87-300 123

2 16- 22 72- 74 58

4 26.1 11.0 57.7 “Crude** TR ChP 3 70- 77 118-238 154

0 26.1 11.0 57.7 “Crude** TR B,CliP 6 70- 90 210-292 413

oa 26.1 11.0 57.7 Vit.amjn-free* TR B.ChPIp 2 16- 22 136-225 360

G 26.1 11.0 57.7 “Crude” TRNB,CliP 0 70-106 21(M48 336

6a 26.1 11.0 57.7 “Crude** TRNB,ChPIp 1 34 213 433
6b 26.1 11.0 57.7 Vitamin-free TRXB,aiP 3 87- 88 236-238 281

7 10.0 26.8 56.8 “Crude” TR B,C1»P 3 69- 77 134-227 51
7a 10.0 11.0 73.8 “Crude” TR B,ChPIp 0 21- 22 65-134 51

8 10.0 26.8 56.8 “Crude** TRNB.aiP 3 69- 77 93-225 162
0 17.3 7.4 75.3 “Crude” TR B,ChP 3 71- 77 114-230 167

(Goldberger)*

refers to tlnaminc, 0.25 to 0.52 mg. per kg, body weight daily; K, riboflavin, 0.12 mg.-
N, nicotinic acid, 1.20 mg.; B,. pyridoxine liydrochloridc, 0.20 mg.; Ch, choline chloride 10 0
mg.

; P, calcium pantothenate, O.oO mg. ; I, inositol, 1.20 mg.
; p, para-aminobcnzoic acid, 0.50 mg.

* From SMA Corporation, Cleveland, Ohio.
* “Goldberger” diet; ground white maize, 29.8 gm.; pcameal, 4.0; crude casein, 2.5; cod liver

oil. 1.7; salt mixture, 1.0 gm. Protein consists of casein, 6.5%; vegetable, 10.8%.

Complete details concerning the management of the animals have
been published elsewhere (AVintrohe, Miller, Follis ot al., ’42; AVintrohe
Aliller and Lisco, ’40). The data presented in this report have been
gathered since 1937 (AA’introhe, Alitchell and Kolb, ’38). Throughout
this period, the source of the animals, their handling, and their diet

even including the source of the casein fed, were not changed. The onlv
change that was made was in the mineral mixture. The one first used
(AA'introhe, intchcll and Kolb, ’38) was modified in .Time, 1939, to in-

' Mend John.sou and ComiKUiy, Evansville, Ind.



398 M. M. WIXTROBB, STEIK, FOLLIS AND IIUI^IPHREYS

dude copper, mauganese, zinc, and cobalt, and ferric pyrophosphate
replaced ferrous sulphate (Wintrobe, Miller and Lisco, ’40).

The pigs were kept in specially constructed metabolism cages de-

signed to minimize contact of urine with feces.

The procedure in these studies was to feed pigs the basal (“higli

protein”) diet when they were received (about 21 days of age) together

with 3 gm. of yeast per kilogram body weight daily. When the experi-

mental period was commenced, the only source of the B complex, aside

from the minimal amounts possibly present in the basal diet, was in

the form of the crystalline vitamin supplements specified for each group.

In comparing the various animals, attention should be paid to two

important factors, namel}^, litter mates and the time when an experiment

was begun. The latter factor is important since older animals had a

better opportunity to store a supjily of all the Jiutritive factors presejjt

in yeast than those started on a mixtuin of crystalline vitamins at a

very early age.

From this viewpoint the observations on the following seventeen pigs,

i-eferi'ed to above, are to be considered particularly significant: Litter

XXX, pigs 6-87, 7-02 and 6-81 (groups 4, 8 and 9) ;
litter XXXI, pigs

6-

84, 6-93 and 6-99 (groups 5, 6 and 7) ;
litter XXXII, pigs 6-88, 6-85,

7-

00, 7-04, 7-06, 6-82 and 6-83 (groups 4, 5, 7, 8 and 9) ;
litter XXXIV,

pigs 6-89 and 6-95 (groups 4 and 6) ;
litter XXXV, pigs 6-86 and 7-01

(groups 5 and 7). Also worthy of special attention are the pigs of the

following litters Avhich are to be found in a variety of experimental

groups: Litter XXVI, pigs 6-55, 6-51, 6-59, 6-57 (groups 3, 5, 6, Gb);

litter XXVII, pigs 6-68, 6-63, 6-65, 6-61 (groups 3, 5, 6, 6b); litter

XXVIII, pigs 6-69, 6-72, 6-75, 6-78 (groups 3, 5, 6, 6b)
;
litter XLIII,

pigs 7-67, 7-69, 7-73, 7-71 (groups 2, 3, 5a, 7a)

;

litter XLIX, pigs 7-68,

7-70, 7-74 (groups 2, 3, 5a).

KESULTS

The role of nicotinic acid. The data for growth are summarized in

table 1 and the growth curves for the individual pigs are shown in

figure 1. Comparison of groups 1 and 2 with the eleven pigs of group 3

vdiich received cjystalline vitamin supplements and no yeast at a corre-

spondingly late age (64 to 107 days), reveals a somewhat bettor growfli

rate for the animals receiving nicotinic acid in addition to thiamine and

riboflavin, as compared Avith those receiving onty the last two vitamins,

The animals recemng nicotinic acid not only were larger than the pi.gs

not receiving this vitamin (fig. 2) but their coats were in better condi-

tion, their muscles were less flabby, and thei-e was less diarrhea. Tlic.sc
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pigs, liowevcr, were not litter mates. Two pigs (7-69, 7-70) wore foci no

yeast wlieu they were received, but were given tbiamino, riboflavin, and

nicotinic acid at once (16 to 22 days of age). These animals grew very

poorly, and no better than their litter mates who were given only thia-

mine and riboflavin at the same age (7-67, 7-68).

Fig. 1 Gron-th curves of pigs in various cxpei imciital groups. Note that the growth of pigs

fed a liigh protein diet and receiving no nicotinic acid (group 5) was as good as tliat of pigs

fed this vitamiu (group 6) even ivlien pigs given vitamin-free casein are compared (groups 5a
and Gb). However, uheii the basal diet nas Jow in protein, the growth of pigs given no nicotinic

acid (groups 7 and 7a) was not as good as tliat of pigs reeeiiitig this vitamin (group 8).

Arrows indicate restoration of normal (high protein) diet rmd feeding of all necessary vita-

miu supplements to pigs G-55 (group 3) and 7-00 (group 7). Figs C-8S and G-89 (group 4) were
given, from time to time, pyridoxiue (Il«) and nuothiie acid (A*;.
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The pigs mentioned above as developing relatively well when the'

experimental deficiency was commenced at 2 or 3 months of age instead

of at 3 weeks, failed eventually also. Their growth became impaired,

diarrhea persisted, anemia, epileptiform convulsions, and marked ataxia

together with extensive degenerative changes in the nervous system

developed. We have been able to show that these symptoms resulted

from deficiencies of pyridoxine (Wintrobe, Follis, Miller et al., ’43) and

of pantothenic acid (Wintrobe, Follis, Alcayaga et al, ’43).

When pyridoxine, calcium pantothenate, and choline were furnished

in addition to thiamine, riboflavin, and nicotinic acid, animals receiv-

ing the same basal diet as those in groups 1, 2 and 3 grew very well, and

no pathological changes occurred (group 6). The addition of inositol

and p-aminobenzoic acid to the group of six vitamins mentioned above

was associated with better growth in one animal (group 6a) as com-

pared with group 6 as a whole. This difference, however, may not be

significant for three of the nine pigs in group 6 (6-30, 6-93, 6-95) grew

almost as well as this pig (avei*age daily weight gain, 400, 396 and 394

gm., respectively). G-ood, though somewhat less satisfactory growth

occurred in three pigs fed vitamin-free (group 6b) instead of crude

casein (group 6) in association with the six “B” xfitamins (compare

litter mates 6-59 and 6-57, 6-65 and 6-61, 6-75 and 6-78).

Comparable animals given the same basal diet and the same vitamin

supplements as those mentioned above (group 6) except that no nico-

tinic acid was supplied (group 5) showed no signs of nutritional defici-

ency except for slightly less satisfactory growth in certain instances as

compared with those given this vitamin, and at autopsy no pathological

changes attributable to deficiency were found. In table 2 data for com-

parable animals are presented and weight gain, expressed in terms of

percentage of initial weight, is shoAvn.

Neurological changes wej-e absent. In none of the pigs of groups 5,

5a, 6, 6a or 6b did anemia or other morphological changes in the blood

develop. When pyridoxine also was omitted (group 4), the changes

Avhich occurred (impaired groAAffh, microcytic anemia, epileiDtiform con-

vulsions, sensoiy neuron degeneration) were the same as those wliich

develop in pyridoxine deficiencj’- alone (Wintrobe, Follis, Miller et al.,

’43).

It is difficult to determine from our data Avhether “crude” casein

supplied an unknoAvn factor making it possible for pigs to dispense Avilb

dietary nicotinic acid. The pigs of group 5a grcAv well, even thougli

they received vitamin-free casein. Nevertheless a direct comparison

AAoth the pigs of group 5 is not possible since groups 5 and 5a did not
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contain litter mates. Furtliennore, the two pigs of group 5a were given

inositol and p-aminohenzoio acid in addition to the five vitamins fur-

nished group 5, and this may or may not have contributed to the ex-

cellent growth of the pigs in group 5a.

From the standpoint of storage of nicotinic acid as a factor in in-

fluencing the need for dietary nicotinic acid, it is to he noted that the

animals°in group 5a received the crystalline vitamin supplements at a

very earlj’ age (16 to 22 days) without opportunity to store growth fac-

tors available in yeast. In this respect they were at a disadvantage as

compared with the pigs of group 5, for storage might have occurred in

the ease of the latter pigs. In any event, the excellent growth of the pigs

TABLE 2

Cojiipnrwofi of (jrotcth tn indtvulnal animals.

UROUP 5 CRDPP 6

"lUgh protein, no nicotinic acid"

p Initial
Pig no. weieht gam

Icfr. %

“llifh protein with aieotinic acid"

Initial Weight
Pig no.

Ap. %
6-51 16.0 037 6-59 9.0 078

6-63 14.0 675 6-65 10.1 678

6-72 13.2 606 C-75 11.1 840

6-84 11.7 570 6-93 10.9 608

6-85 11.6 640 C-95 10.4 648

6-86 11.0 634

OROVP 7 CROUP 8

“Low protein, high fat. no nicotinic ncid” “Low protein, high fat, with nicotinic acid”

6-99 ll.G 128 r-02 15.8 29G
7-00 10.4 179 7-06 8.6 459
7-01 10.5 127 7-04' 10.2 116

'Died after only 26 days on experiment.

given vitamin-free casein hut no nicotinic acid (group 5a) makes it

clear that under the experimental conditions described, the pig can
grow well in the absence of nicotinic acid.

The role of protein. tlTien animals receiving the “low protein” diet
were given all of the vitamins already mentioned with the exception of
nicotinic acid (groups 7 and 7a), growth was extremely poor (fig. 3).
The coats of the pigs were rough and untidy. Diarrhea and poor appe-
tite developed in all three pigs of group 7 (“low protein, high fat, no
nicotinic acid”), and severe norraoeytic anemia also occurred, the red
cell counts being 1.88, 2.33, and 3.54 millions, respeotivelv, per cubic
millimeter. Furthermore, although no definite abnormality in gait was
observed during life, slight degenerative changes were found in the
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posterior root ganglion cells of tAvo of the three animals in group 7 and
rather extensive chromatolysis in the dorsal root ganglia was present
in the third. Only one of the pigs of group 7a (“low protein, Ioav fat, no
nicotinic acid”) dcA^eloped severe diarrhea. There Avas little anemia in

either of these pigs. In the neiwous systems of these tAA^o pigs, rather

9

\ X

g

Fig. 2 Comparison of a pig of group 2 (4-98) witli one of group 3 (4-82). The larger of

the two pigs received nicotinic acid in addition to thiamine and riboflavin as supplements to

the high protein basal diet. The smaller pig was given no nicotinic acid.

Fig. 3 Comparison of a pig of group o (6-85) with one of group 7 (7-00). Neither of these

pigs was given nicotinic acid, but the smaller one was fed a diet low in protein. These pigs

were litter mates.
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extensive cliroinatolysis was found in the dorsal root ganglion cells of

one (7-71) hut there was no definite myelin degeneration. In the second

pig, 7-72, the nervous tissues showed no lesions. It is interesting to note

that the degenerative changes when present were found in the small

ganglion cells. At autopsy extensive infections were found in the pigs of

group 7, but not in group 7a. The cause of death in the two animals of

the latter group was not clear.

Pigs fed a low protein, high fat diet, but furnished nicotinic acid

(group 8) looked much better nourished than the pigs described above,

even though their growth was impaired as compared with that of pigs

given a greater proportion of protein (group 6). The growth curves of

litter mates 7-00 and 7-OG of groups 7 and S may be compared with one

another. Pigs 6-99, 7-02 and 7-01 came from other litters but were

studied at the same time and under the same conditions as pigs 7-00 and
7-06. The coats of the animals in group 8 were clean, their hair was in

good condition, no diarrhea developed, and only very slight normocytic

anemia occurred (E.B.C. 5.90, 6.50 and 5.40, respectively, as compared
with values of 6.50 million or higher in the pigs of groups 6). No patho-

logical changes in the nervous system or other tissues were found at

autopsy. "Weight gain comparisons for the individual animals are pre-

sented in table 2.

One pig in group 7 (pig 7-00) was given 100 mg. nicotinic acid daily.

The diarrhea ceased, the appearance of the pig improved, and its weight

increased. The anemia was not altered. When the low protein diet was
changed to the high protein type, further weight gain occurred, but the

anemia persisted. It was not possible to influence the anemia appreci-

ably even by the administration of liver extract or desiccated whole

liver. When this animal was killed, severe infection was found (multiple

abscesses: subcutaneous, lung, liver, spleen, peritoneum). It is possible

that infection may have been at least in part responsible for the anemia

noted in group 7, and it is likely that infection interfered with a hemato-

poietic response which might have occurred in pig 7-00. Therapy was
attempted only in one other instance, pig 7-01 of group 7. Casein, 10

gm. per kilogram body weight daily, was fed in addition to the regular

diet. No benefit was observed, but hero again infection (lobular pneu-

monia) was found when the pig died 23 days later.

Two of the three pigs given the Goldberger ration supplemented with

B vitamins except nicotinic acid (group 9) died early with widespread

infection. Both had severe normocytic anemia (B.B.C. 2.69, 3.80 million,

respectively). Their growth had been poor (103 and 130 gm. average

daily weight gain, respectively), but their gait was noi-raal. Extensive
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degenerative changes were found in the posterior root ganglion cells,

but the changes were confined to the small cells. One pig (6-83) sur-
vived a long time, grew moderately well, and had only slight anemia
(R.B.C. 5.70 million). The better growth of this animal (230 gra. aver-
age daily weight gain) as compared with that of a litter mate (7-00)

given no nicotinic acid and a low protein diet (group 7) may have been
due to the higher content of protein in the Gloldberger diet (6.5% casein,

10.8% vegetable protein, as compared with 10% casein). Pathological

changes were found in the spinal ganglia in this animal, as in its mates,

but the changes were not extensive. Lobular pneumonia was also

present at autopsy.

Chemical studies. In. an attempt to assess the degree of nicotinic

acid deficiency in the different experimental groups, measurements of

the urinary nicotinic acid,- nicotinuric acid, trigonelline, and related

compounds were carried out. The cyanogen bromide-p-aminoaceto-

phenone method (Harris and Raymond, ’39) was adapted for use with

the Evelyn photoelectric colorimeter using a 440 filter. Each sample of

urine was subjected first to three types of hydrolysis, according to the

method of Melnick, Robinson and Field (’40). Cyanogen bromide was

omitted from the hlaiik since in our experience this procedure gave the

most consistent values. The value for the sample subjected to I hour of

acid (4N HCl) hydrolysis is thought to include all of the excreted nico-

tinic acid, nicotinamide, free pyridine, nicotine, approximately two-

thirds of the nicotinuric acid, and any other unknoivn pyridine com-

pounds that react with the reagents. The values obtained following

5-hour acid hydrolysis include, in addition to the above, all of the

nicotinuric acid. Following alkaline (9N NaOH) hydrolysis of the urine

for i hour, the value obtained is regarded as including all of the pyridine

compounds determined by use of the prolonged acid hydrolysis plus

about one-third of the voided trigonelline. By using conversion factors,

it is possible to determine the total amount of trigonelline excreted ;
how-

ever, since these values are only semiquantitative, we have recorded

only the actual values obtained through the chemical analyses. These

data are summarized in table 3.

The urine samples w^ere collected in two 24-hour periods and the-

sample for each period wms analysed separately. All urine samples

were collected under toluene. The tabulated results represent the aver-

age for the 2 days. The range of variation is also indicated. It is recog-

nized that where the range of values is so wide, the average has little

meaning. Averages have been recorded only to give some concept o

the trend.
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^

In dogs fed a diet liigli in nicotinic acid, Sarett (’42) reported “nico-
tinic acid” urinary excretion values of 0.4 to 1.6 mg. and “trigonelHue”
of 1.5 to 7.3 ing. per 24 hours. In a dog during the onset of black tongue,
the “nicotinic acid” was vdtliin the same range, hut the “trigonelline”
fell as low as 1.9 to 0.1 mg. Measurements of urinaiy “nicotinic acid”
values in human subjects, both normal and deficient, have varied over

a very wide range (Field et ah, ’41). In deficient subjects. Field and his

associates (’41) noted an average, but not a constant, decrease in the

urinary excretion of substances reacting like nicotinamide and a more
marked and consistent decrease in .the urinaiy excretion of trigonelline

in the deficient subjects.

In our various experimental groups, there was a similar extremely

wide range of variation in the excretion of nicotinic acid derivatives.

One fact stands out, however. In the pigs fed the low protein diet with-

out a supplement of nicotinic acid (group 7), (the only animals which

showed marked evidence of nutritional deficiencj’’ somewhat resembling

that ascribed to a lack of nicotinic acid), the excretion of nicotinic acid

derivatives was very low and remained at a low level. Both the average

and the maximum levels in this group were substantially lower than in

any other experimental group. It is also possibly significant that, of

all the groups of pigs receiving supplements of nicotinic acid, only those

fed a low protein diet (group 8) at times excreted no “nicotinic” or

“nicotinuric acid.”

It is of interest that, in general, substantially lower values for the

excretion of “trigonelline” were observed in all groups not receiving

nicotinic acid as a supplement. The highest maximal values for “nico-

tinic acid” and “nicotinuric acid,” however, were found in the pigs fed

a high protein diet mthout nicotinic acid supplement (group 5) while

the maximal “trigonelline” value in this grouio was only exceeded by

that found in group 6 which was fed the same diet and received a supple-

ment of nicotinic acid.

Najjar and Holt ( ’41) described the presence of certain fluorescent

substances in the urine which they designated as Fj and F,. The latter

is found in normal urine and tends to disappear in the presence of nico-

tinic acid deficiency. This substance (F,) has been identified as N-

methylnicotinamide (Huff and Peilzweig, ’43). Subsequently Sarett

(’43) showed that the so-called urinary “trigonelline” fraction is com-

posed chiefly of N-methylnicotinamide although other methylated nico-

tinic acid derivatives are also included. Measurements of Fo (N-methyl-

nicotinamide) were made in a number of our pigs. The presence of this

substance paralleled rather closely the excretion of the methylated
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nicotinic acid derivatives (“trigonelline” fraction). In those animals

receiving no nicotinic acid supplement, P- excretion rvas markedly

diminished.'*

Discnssiox

Under the conditions of these experiments good growth and develop-

ment occurred in pigs when they were given a diet containing a high

percentage of a good grade of protein, supplemented with thiamine,

riboflavin, pyridoxine, choline, and pantothenic acid, as well as vitamins

A. and D and sufficient quantities of fat, carbohydrate and minerals.

This diet did not fuimish significant quantities of nicotinic acid, even

when “crude” casein was used. Microbiological assay (Snell and

MT'ight, ’41) of the casein used in most of our experiments showed it to

contain less than 0.6 ng. nicotinic acid per gram.’’ Since our animals

received at most 9,5 gm. casein per kilogram body weight, no more than

5.7 pg. of nicotinic acid per kilogram was derivable from this source.

As a further check, however, two pigs were fed vitamin-free casein.

These pigs also developed well. It is to he noted that these last two

pigs received an experimental diet lacking in nicotinic acid from the

ages of 16 and 22 days, respective!}’. Significant post-natal storage of

nicotinic acid therefore, can scarcely be a factor.
,

The importance of nicotinic acid in nutrition was first demonstrated

through the use of diets deficient in more than one respect. It was shown

recently, however, that iu the case of the dog loss of weight, inflamma-

tion of the gums, and reddening of the palate occur even when a highly

purified diet similar to that used in our experiments and supplemented

with the same five “B” vitamins is furnished (Schaefer et al., ’42).

Somewhat similar observations have been made in the chick (Briggs

et al., ’43). Experiments in monkeys (Harris, ’38) and, as stated earlier,

in pigs, were carried out by the use of diets of the Goldberger type and,

therefore, cannot he regarded as having demonstrated a need for nico-

tinic acid as a supplement to a diet which is otherwise complete. A
dietary source of nicotinic acid is not required by the rat (Dann, ’41)

or the sheep (Pear.son et ah, ’40). Woolcy and Sebrell (’45) have re-

cently presented evidence that nicotinic acid is an essential growth fac-

tor for rabbits fed a purified diet.

Powick,® in studies which have been in progress for several years at

the Beltsville Eesearcli Center of the U. S. Department of Agriculture,

‘ Wc nre indeWtfl to Br. V. A. for these determinntions.

* We are indobtei to Dr. Daniel 'Xlelmek of the Food Feseareb Laboratories, Inc., for this

assay.

* Poivick, W. r., personal conimiiiiic.ation.
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lias found impaired growth in a high. proportion of young pigs fed a
synthetic ration containing large amounts of acid-washed, alcohol-ex-
tracted caseiii (25%) and supplemented ^yith thiamine, riboflavin, pyri-
doxine and pantothenic acid but devoid of nicotinic acid. It is of interesl,
in regard to the discrepancy between our observations and those of
Powick, that Handler (’43), using a purified diet like that which
Schaefer et al. ( ’42) used successfully in producing nicotinic acid defici-

encies, could not induce a deficiency state in dogs which completely
resembled that of black tongue dogs on Groldberger diets. Purtherraore
the weight loss, anorexia and other sjnnptoms which did develop, dis-

appeared spontaneously. Handler remarked that the inconsistent be-

havior of dogs on a purified ration made it difficult to evaluate the nature

of the jiliysiological defects in nicotinic acid deficiency.

Such observations, as well as our ovm, give ground for the belief

that other factors as well as nicotinic acid play a role in the development

of the deficiency sjnidrome which has been attributed to lack of this

vitamin alone. According to the studies reported here, protein is one

such factor. Only when the diet of our animals contained a small per-

centage of protein and lacked nicotinic acid as well (groups 7 and 7a),

did signs of nutritional deficiency appear. These included marked im-

pairment of growth, diarrhea, poor appetite, a rough coat, and anemia.'

The importance of the combined deficiency of protein and of nicotinic

acid is indicated by the comparatively good condition of animals given

diets deficient only in protein (group 8) or in nicotinic acid (group 5).'^

The possibility that a deficiency of certain essential aniino acids

might be’ a factor in the etiology of pellagra was postulated as long ago

as 1914 by Voegtlin (’19-’20). At that time, Goldberger and his co-

wprkers (’15) showed that the development of the disorder could be'

prevented when the diet was supplemented with milk, fresh meat, eggs,

and dried beans. The classical diet which has been used in the experi-

mental production of canine black tongue is poor in protein as well as

in B vitamins.

It is recognized that the pyridine nucleotides play a role in protein

metabolism (Ball, ’39). Handler and Dann (’42) reported that nicotin-

amide inhibits the growth of rats, probably due to the deprivation of

the animal’s supply of methyl groups because of trigonelline synthesis.

The inhibition of growth could be prevented by the administration of

» The view here expressed that the quantity of protein and perhaps, in particular, of certain
,

essential amino acids in the diet, is important as affecting nicotinic acid requirernent, finds

further support in the recent observation by Krehl, Tepley, Sarma and Elvelijem ( ’45, Science,

rol. 101, p. 489). These workers present evidence “that protein, or tryptophane, particularly,

may have a profound effect on the nicotinic acid requirement.”
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methionine and by choline plus homoeystine. Sarctt, Klein and Perl-

zweig (’42) noted a decreased urinary excretion of nicotinic acid in

dogs when the protein content of the diet was increased, and an in-

creased excretion when the protein content was lowered. Their observa-

tion in the' dog agrees with ours in the pig only in that an inter-relation-

ship of protein and nicotinic acid is suggested; somewhat at variance is

our finding that the excretion of nicotinic acid derivatives was lowest in

pigs receiving a low protein diet not supplemented -with nicotinic acid.

The experiment of Sarett, Klein and Perlzweig did not include a group

fed a diet deficient in both protein and nicotinic acid. Sarett and Perl-

zweig (’43) later reported that the nicotinic acid content of the livers

of rats fed a low protein diet was loiv as compared with the livers of

those fed high protein diets, whether the vitamin intake was high or low.

Differences in species and in experimental methods make further com-

parisons of their observations and ours impossible.

None of these observations regarding the relationship of protein and

nicotinic acid, however, serve to explain the dramatic improvement

noted in two pigs by Chick and her co-workers ( ’38) when only nicotinic

acid was added to the “Goldberger maize diet” which her animals were

being fed. Nor do they explain the observations of other investigators

(Hughes, ’38; Iiladison ct ah, ’39; Wintrobe, ’39) which led to the con-

clusion that a dietary source of nicotinic acid is needed by the pig.

Since the diets furnished in the above experiments were probably lack-

ing in other B vitamins besides nicotinic acid, our findings would seem

to indicate that in some way the pig is able to make up for a lack of

nicotinic acid in the diet when thiamine, riboflavin, pyridoxine, choline,

and pantothenic acid are furnished. Perhaps the presence of these vita-

mins is beneficial by making possible the bacterial synthesis of nicotinic

acid in the intestines, or by synthesis of the vitamin in the body. Our
attempt to show that synthesis of nicotinic acid was mediated in some

way by pyridoxine, which was the reason for our group 4, gave incon-

clusive results. It is to be noted that nicotinic acid and pantothenic

acid arc closely related both in chemical properties and in distribution

(Blvehjem, ’40). Study of the biological interrelationship of these two

vitamins would seem to he indicated. We have described elsewhere

(Wintrobe, Pollis, Alcayaga et ah, ’43) the severe colitis rvhich develops

in pigs deficient in pantothenic acid and have pointed out the similarity

of these changes in the bowel to those which have been described under

such titles as “necrotic enteritis” and “pig pellagra,” and have been

attributed to nicotinic acid deficiency.
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Various investigators (Miller and Rhoads, ’35; Gyorgy, ’38; Day et
al., ’40

;
Handler and Peatherston, ’40) have described anemia and

leukopenia in various annuals receiving black tongue-producing diets

or diets lacking nicotinic acid. In our animals leukopenia was never
noted. V hen nicotinic acid alone was lacking, no anemia or other

morphological abnormalities were found, but when the diet was also

poor in protein, severe normocytic anemia developed. Since severe in-

fections occurred in these animals, no conclusions can be dravm regard-

ing the significance of this anemia.

The measurement of the urinary excretion of nicotinic acid deriva-

tives has not proved to be a wholly satisfactory method for assessing

nicotinic acid deficiency (Perlzweig et al, ’42). Nevertheless, it is of

interest that a correlation between such excretion and the presence of

signs of nutritional deficiency was observed in the pigs fed the low

protein diet without nicotinic acid supplement.

The development of chromatolysis in the dorsal root ganglion cells

of four out of five of the pigs receiving the low in’otem-mcotinic acid

deficient diet (groups 7 and 7a) is interesting but its significance is not

entirely clear.

SUMMARY

1. Observations in sixty-one pigs are described in which the effects of

low and high protein diets supplemented with thiamine, riboflavin,

pyridoxine, choline, pantothenic acid, inositol, and p-aminobenzoic

acid, with and without nicotinic acid, are compared.

2. Young pigs fed a. high protein (26.1% casein) diet supplemented

•with the first five vitamins named above, and not furnished with nico-

tinic acid, showed no signs of nutritional deficiency except for slightly

less satisfactory growth in certain instances.

3. VTien the protein content of the diet was low (10% casein) the

omission of nicotinic acid from the diet was associated with the develop-

ment of signs of nutritional deficiency (markedly impaired growth,

rough coats, diarrhea, poor appetite and severe anemia).

4. Only in the last mentioned pigs was there a marked and consistent

reduction in the urinary excretion of nicotinic acid derivatives. .

5. There appears to be a close nutritional relationship between pro-

tein and nicotinic acid.
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other calves received the individual, farm ration. Some calves were
treated with only one supplement, others Avere treated AAdth se\^eral

supplements simultaneously, Avhile others received several supplements
for varying periods hut only one supplement at a time.

TAAm mmeral mixtures, no. 1 and no. 2, Avere used. The no. 1 mixture
suiDplemented the ration of seven affected calves Avith 250 mg. of iron,

250 mg. of manganese and 25 mg. of copper daily, AA'hile the no. 2 mixture

furnished 5 mg. of cobalt daily to twenty affected calves in addition

to the minerals supiAlied in the no. 1 mixture.

Tavo calves received 200 gm. of dry brewers’ yeast per day AA’hile a

third calf received 200 gm. and later 450 gm. of the same yeast per daj'.

TAAm calves received 100 gm. of live yeast daily in addition to the no. 2

mineral mixture. Seveiml of the B-eomplex Autamins Avere administered

to ascertain the anti-poikilocytic factor (s) provided by yeast. One calf

receiAmd 50 mg. of nicotinic acid per daj’- and another calf received 25

mg. of riboflavin per day. ’these vitamins AAmre administered for a

period of 70 days after which time they Avere replaced Avith 40 mg. of

pyi’idoxine daily. Pyridoxine aa^s fed to eight other calves in amounts

ranging from 5 to 40 mg. per day. Some of the calves also received

the no. 1 or no. 2 mineral supplement at the same time.

The microscopic examination of the red blood cells of four rumen

fistula cows, all having open or unplugged fistulas, revealed the presence

of from 15 to 99% poildlocytes. The condition of the most severely

affected rumen fistula coaa'^ Avas corrected on two occasions by feeding

brewers’ yeast. The poikilocjdic condition reoccurred, hoAvcAmi’, some-

time after the yeast treatment was terminated.

The progress of recovery of the affected animals AAms followed by the

microscopic examination of blood smears and occasiojially by hanging

drop preparations. Weight gains were used also as a criterion of the

animal’s general status of health. The hemoglobin, red blood cell count,

red cell Amlume, and the plasma calcium, inorganic phosphorus and

magniesium concentrations AAmre determined by methods preAuously

reported (Reid et al., ’45).

Forty-two cahms and four rumen fistula coavs Avere employed in this

study.

BESULTS

The results obtained from feeding the various supplementary factors

in addition to the regular ration of the calves are shoAA-n in tables 1-6.

< TJbe authors wish to tliank Merck and Co., Inc., for furnisliing a portion of the pj-ridoxnie

used.
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Many animals ivere encountered during the course of this investigation

.that shoved a typical anemia Wood picture uncomplicated vith poikilo-

cytosis. The data obtained from calfA in table 1 illustrate a case of this

type. Although the blood of most of the poikilocytosis affected animals

revealed lov hemoglobin concentrations, some of the animals vere nor-

mal in this respect. The data for B in table 1 show a severely afiected

animal whose hemoglobin level is nearly normal. The data also show the

loss in weight accompanying the course of a typical case of poikilocytosis

when no therapeutic agent was administered.

The values included in several tables for plasma calcium, inorganic

phosphorus and magnesium indicate no relationship of these constitu-

ents to the poikilocytosis anomaly.

TABLE 1

Blood piclure of a calf (A) showing oU^oc/tromcima hut unaffected by poifcitocytosjs anti n cnlf

(B) affected with poikilocytosis hut not showino oTiyoebromemia.

C4tr Aor.
noPY

II a g B OV IJ.B C C.
POIKII.O-

r t. A R M A

\VT- CTTE8 Ca Inorjr P 3klir

no, dayf fcff. pin <7c % mill./mm.* ^4. mff. pfr ZOO ml

A 240 ‘

103.2 0.7 18.0 5.40 0 9.9 7.02 1.24

2S0 102.6 6.5 18.0 5 07 0 30.2 5.31 1.30

260 112.5 8.0 23.0 3.97 0 ll.C 7.86 1.98

270 115.7 8.0 23.0 5.55 0 11.0 G.51 1.72

280 116.4 9.S 24.7 6.93 0 lO.D 5.70 1.57

B 80 30.7 10.9 90 11.3 6.32 1.87

90 33.0 10.9 90 8.8 6.32 0.99

100 33.4 10.9 95 10.2 5.34 1.03

110 30.2 11.3 90 11.0 5.90 1.03

120 30.0 10.3 94-97 11.1 4.90 1.01

Effect of mineral supplementation on poikilocytosis. Table 4 shows

the effect of mineral supplementation of the ration of a representative

animal. These data show a gradual increase in the hemoglobin con-

centration without any change in the severity of poikilocytosis.

Treatment with dry brewers’ yeast. Table 2 shows the effectiveness

of brewers’ yeast in the treatment of poikilocytosis in two calves. Since

these calves exhibited symptoms similar to those observed in cohalt de-

ficiency, this element was administered for 7 weeks without response

prior to the feeding of yeast. (The symptoms of cobalt deficiency disease

are always alleviated within a week after the initial treatment.) The
cohalt supplement was then discontinued and 200 gm. of brewers ’ yeast

was fed daily. The distortion of the red blood cells of the calves was
markedly ameliorated although no change in the level of hemoglobin
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was observed. From tbe percentage of poikilocytes recorded in tlio

table it appears that tbe distorted red cells can be restored to normally
shaped corpuscles by feeding dry brewers’ yeast for 3 to 4 weeks.
Tbe data indicate also tbe stunted condition of tbe calves prior to the

feeding of yeast. An increased appetite and an impetus in weight gained

was observed as poikilocytosis subsided. Three calves received the yeast

supplement and all responded in the same manner. These findings are

similar to those reported by Hogan et al. ( ’40) in that poikilocytosis

in pigeons was corrected after 5 weeks of yeast supplementations.

TABLE 2

JEffect of adding brewers' geast to the ration.

CAi.r DATE AGE BODY
iv"r.

POI-
KlliO* HB
CTTES

CALr DATE AGE BODY POIKILO'
\VT. CTTES “

TJO. days leg. % gm. ^0 no. dai/a I'P. % gm. <70

C-3 9/24 348 75 9.8- C-4 9/24 237 25 11.6

10/15 369 142.2 80 9.1 10/15 258 175.3 20 11.7

11/13 > 397 146.3 75-80 9.1 11/13* 286 179.8 23-25 11.9

11/28 412 142.2 50-75 8.8 11/28 301 197.5 10-15 11.2

12/18 432 165.3 5 9.6 12/18 321 202.1 0 11.7

' Calf received 200 gm. of brewers ’ yeast daily after this date.

TABLE 3

Data obtained from a :representative poihilocytosis affected antinol treated with live yeast.

DAILY r^'TAKE PER KG. BODY MT-
HB POIKILO-

plasma
AGE vrr. Fe Cu Mn Co CTTES Ca Inorg. P

Sails ip. mg. gff. mg. pm. % % mg. per JOO rnh

10 36.7 0.25 43.7 13.2 3.8 6.3 ' 75 11.0 6.19 1.84

15 Added 100 gm. live yeast and no. 2 mineral mixture daily

15 38.9 8.86 711.6 16.2 137.7 5.7 70-75 11.2 7.10 1.69

20 41.1 8.39 673.8 18.0 147.6 7.3 20-25 11.0 7.02 2.13

30 46.2 7.47 601.0 16.6 123.0 ^.2 4 11.7 4.19 1.93

40 50.5 6.86 554.5 13.7 113.0 9.8 3 11.3 9.06 1.88

50 53.6 7.79 539.7 15.6 111.6 10.7 1 11.2 7.96 1.99

60 61.4 6.91 473.6 15.5 98.1 12.6 0 11.1 8.12 1-72

Treatment with live i/east. The effect of live yeast in correcting the

deformed red cell condition in calves is shown in table 3. These data

show the correction of the poikUocytic condition to nearly normal-shaped

erythrocytes after a 4-week period during which time the calf con-

sumed 100 gm. of live yeast daily. A remarkable decrease in the number

of poikilocytes was noted after the first and second week of yeast feeding

as well as a striking transformation in the shape of the poikilocytes
—



POIKILOCTIOSIS IJT DAIRY CATTLE 417

the degree of distortion became less extreme. An increased growth rate

accompanied the disappearance of the poikilocytes in the blood. Only

two calves were treated with live yeast but the results were uniformly

the same. Since both of the calves had received the no. 2 mineral mixture

simultaneously with the live yeast, it was necessary to eliminate one or

the other of the supplements in order to derive the correction factor.

The correction of the poikilocytie condition is attributed entirely to the

ingested yeast since the mineral supplements failed to alter the extreme

poikilocytosis of animals for which the data in fable 4 are representative.

TABLE 4

Data obtained from a repr'esentative potkdoct/iosis affected animal treateil pt/ridotine.

AOE * BOOT DAILT ryTAKE PER KO. BOOY WT.
rOIKILO-
CTTES

P L A S M A

WT. Fe Ca Mn Co c« Inorc F Me

fcjT. Wff. v-u- mg. ffnt. tfc % mg. per 200 wJ.

50 67.3 2.52 60.4 12.0 11.9 9.0 85 11.8 6.44 2.40

70 69.8 1.29 42.6 9.9 6.0 7.0 85-90 11.0 8.56 1.18

72 Added no. 1 minora) mixture

83 7S.9 6.97 392.6 9.3 12.5 9r.3 90 11.2 6.69 0.99

83 Discontinued no. 1 mineral nnsturc and added no. 2 mincrnl mixtvwe

100 80.1 G.2Q 380.0 8.9 63.9 9.5 90 11.7 5.76 1.10

120 86.4 5.09 346.3 9.3 68.5 8.9 90 11.7 6.01 1.01

137 90.1 5.73 313.7 8.1 50.9 11.6 90 11.9 7.35 2,09

137 Added 40 mg. pyridoxine daily

140 101.6 5.73 313.7 8.1 50.9 11.6 85 11.9 7.35 2.09

150 118.0 4.21 308.6 8.0 50.0 13.3 40 11.8 6.95 1.28

160 126.8 4.03 307.3 8.5 49.8 11.3 1-5 12.2 8.56 1.14

168 134.4 3.8S 300,1 7.9 47.1 10.7 0 12.2 5.74 1.03

‘Data were otjtained at 7-day intervals and on days when supplements were changed.

Treatment toHli pyridoxine. Eight animals varying in the severity of

poikilocytosis were fed different amounts of pyridoxine. Although the

daily ingestion of 5, 10, 15 or 20 mg. of pyridoxine was effective in

ameliorating the poikilocytie condition, the recovery was slow. Forty

milligrams of pyridoxine daily, hoivevcr, resulted in the complete ab-

sence of poikilocytes within 3 or 4 weeks after treatment was begun.

Tables 4-6 show the rapidity with which the poikilocytes disappeared

from the blood. The disappearance of the poikilocytes was accompanied

by an improvement in the general health of the animals and was also

reflected by an accelerated growth rate.

Table 5 shows the ineffectiveness of feeding 25 mg. of riboflavin per

day on the poikilocytosis of a representative animal. After a 70-day

period, riboflavin feedmg was discontinued, and 40 mg. of pyridoxine

was added to the animal’s ration. Although riboflavin treatment did
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TABLE 6

Effects of riboflavin and pyridoxine on poil-ilocytosis.

DATE ' BODT
WT, HB E.B.C.C. R.B.O.V.

BOIKILO- I* 1/ A S M A

—
CYTES Ca InoTg. P Mg

fftn. % % % prr 100 ml.

—

4/11 48.2 8.7 9.70 25.0 5 11.3 0.87 1.65

5/9 58.2 8.7 10.72 28.0 30 12.1 8.30 1.64

5/15 Added 100 mg. Fe daily

6/6 75.0 12.5 13.96 44.0 40 9.8 9.06 2.20

6/14 Discontinued Fe
6/14 75i0 11.9 12.15 32.0 40 11.7 9.47 2.11

7/11 84.5 10.1 10.27 27.0 45-50 11.4 6.79 2.08

8/8 96,8 8.7 8.21 25.5 55 12.5 7.44
•

2.00

8/29 105.5 9.1 7.27 28.0 50 12.3 8.56 2.06

9/5 Added 25 mg. of riboflavin daily

9/5 108.2 7.3 7.05 21.0 40 11.1 5.63 1.63

10/6 138.1 9.1 11.60 26.5 40 10.5 9.06 1.54

10/24 143.1 9.5 . .

''

30.0 45 10.9 8.12 1.18

11/7 152.7 9.0 9.55 27.0 45 11.5 6.72 1.16

11/13 168.6 Discontinued riboflavin and added 40 mg. pyridoxine daily

11/15 170.5 9.2 13.04 26.5 40 11.3 7.67 1.73

11/22 176.8 8.3 9.65 25.0 15 11.5 9.33 2.08

11/27 181.8 8.6 6.70 23.5 5-7 10.8 7.91 1.68

12/5 186.8 8.8 7.65 25.0 1 10.8 7.44 1.96

12/11 189.6 9.4 8.31 26.0 0 11.5 6.76 3.87

' Data were obtained at 7-day intervals and on days when supplements were changed.

TABLE 6

Tiffecis of nicotinic acid and pyridoxine on poikilocytosis.

D.ATE ' BODY
%VT.

HB R.B.C.C. R.B.C.V.
POIKIEO-

r’ L A S A

CYTES c» Inorg. P Me

kff. am. % </o mff. per 100 ml.

8/8 153.9 9.0 9.06 26.0 35 12.5 6.44 2.33

8/29 164.5 10.4 8.38 31.0 35 12.1 9.19 1.76

9/3 Added 50 mg. nicotinic acid daily

9/5 171.5 9.8 26.5 30 11.3 7.86 2,10

10/6 187.5 9.8 7.24 29.5 30-35 11.1 7.67 1.73

10/24 195.0 9.0 28.0 35 10.9 7.14 2.31

11/7 205.1 9.4 6.95 26.0 45 11.2 6.57 1.37

11/13 213.7 Discontinued nicotinic acid and added 40 mg. pyridoxine daily

11/15 218.5 9.0 6.50 26.0 40 13.4 6.79 1.3.5

11/22 221.6 8.7 8.05 24.0 15 11.2 6.87 2.0-5

11/27 226.6 8.7 5.81 24.5 7 11.2 5.19 2.15

12/5 231.48 9.1 7.86 25.0 1 9.9 4.77 2.02

12/11 241.36 9.1 7.15 25.0 0 10.9 6.51 2.19

'Data were obtained at 7-day intervals and on days when supplements were changed.
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not affect the number of poikilocytes, the pjTidoxine treatment corrected

the condition to normal.

Table 6 shows that 50 mg. of nicotinic acid daily for 70 days failed to

correct poikilocytosis in a repr'esentative animal, whereas the trans-

formation to normal was attained after treatment with 40 mg. of pyri-

doxine daily. It shoidd be emphasized that the decreased rate of growth

and the poikilocytic status of the animals remained unchanged during

the mineral supplement, riboflavin and nicotinic acid feeding periods,

but rapid response was obtained wlicn pyridoxine was added to the

ration.

DISCUSSION

Different agents known to stimnlate hemapoiesis were fed in an effort

to correct the poikilocytic status of calves and rumen fistida cows. The
mineral supplements had no effect on poikilocytosis although a notice-

able elevation in the hemoglobin level resulted from their supplementa-

tion. The feeding of either brewers’ yeast or live yeast was effective in

ameliorating the poikilocytic condition within 3 to 4 weeks.

Several of the B-oomplex vitamins contained in yeast were used to

treat the poikilocytic animals in an attempt to derive the curative fac-

tor (s) for this anomaly. The use of riboflavin and nicotinic acid did

not alter the shape of the poikilocytes hut pyridoxine administration

resulted in a specific response. In cases where severe poikilocytosis and

retarded growth were found, the ingestion of pyridoxine resulted in

an increase in appetite and an accelerated growth rate coincident with

the subsidence of the poikilocytes. In the less severe cases the increase

in the rate of growth after the administration of pyridoxine was not

appreciable. Although the daily ingestion of 5 to 20 mg. of pyridoxine

brought about slow recovery, the ingestion of 40 mg. accelerated the

complete restoration of the poikilocytes to normal orydbrocytes. Recov-

ery was effected within 3 to 4 weeks. The prognosis of the animals

treated with 40 mg. of pyridoxine was excellent and the cure was per-

manent.

In most of the cases observed, young calves were the animals most
commonly affected with poikilocytosis whereas the incidence in mature

animals was quite limited. Observation was made also of the apparently

spontaneous recovery of previously affected calves. It seems logical

to suppose that recovery occurred concomitant with the development

of the rumen flora and fauna.

Since the blood of four rumen fistula cows revealed the presence of

poikilocytes, the existence of the open rumen fistidas offered the possi-
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bility that a derangement in ruminal function may have been responsi-

ble for the occurrence of the poikilocytes. Since the young calves re-

ceiving a restricted ration of whole milk and a cereal breakfast food

generally manifested poikilocytosis and the older animals did not, it

appeared that a deficiency of some factor (s) necessary for the main-

tenance of corpuscular integrity may be synthesized in the normal ma-
ture rumen. The early studies of Theiler et al. (T5) and Bechdel et al.

( ’26, ’27)' demonstrated that cattle were healthy and normal on vitamin

B-complex deficient rations, while rumen synthesis of the complex was

reported by Scheunert and Schieblich (’23), Bechdel et al (’28) and

Wegner and coworkers (’40, ’41), The latter group of investigators be-

lieved that the increase in B-vitamins in the rumen ingesta, as compared

to the ration fed, was due to synthesis and not to a concenti’ation effect,

Arnold and Elvehjem ( ’40) stated that ruminant animals are able to

satisfy their requirements for at least some members of the B-eomplex

by virtue of the fermentation which occurs in the digestive tract. The

synthesis of pyridoxine by the bacteria in the rumen has been pointed

out by several workers (McElroy and Goss, ’40), Wegner and co-

workers (’40, ’41) showed that the pyridoxine content of the rumen

ingesta is higher than that of the ration fed and concluded that the

increase was due to bacterial synthesis. These findings support the

earlier work of McElroy and Goss ( ’40) in that the vitamin Bo potency

of the rumen contents is 6 to 8 times as great as that found in the ra-

tion. These investigators favored a true synthesis of the vitamin re-

lated to growth of the rumen flora rather than a concentration caused •

by differential rates of passage of different nutrients from the rumen.

No mention was made as to whether the rumen fistulas were open or

closed. They showed that a normal amount of vitamin Ba is found

in the milk of a cow on a vitamin Br, deficient ration which seetns to indi-

cate that the cow was able to synthesize enough of this vitamin to

satisfy her maintenance needs and in addition transfer a normal amount

into the milk.
_

No reports concerning the rumen synthesis of pyridoxine have indi-

cated that the rumen of young calves has flora developed sufficiently

to synthesize this vitamin in quantity large enough to satisfy the ani-

mal’s maintenance requirements or that the vitamin is synthesized a

all. It seems logical, therefore, to suppose that the ration fed, the age

of the calf, and the condifon of the rumen of both rumen fistula cows

and normal calves are fact rs concerned in the synthesis of pyiidoxine.

Although no known eas of vitamin Bg deficiency in cattle has iccn

reported, a deficiency of tl is vitamin has been reported in other amnia
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Fonts anil associates { ’38) successfully treated a severe microcj'tic by-

poohromie anemia in dogs with vitamin Be after iron therapy had failed

to relieve the anemia. Later Pouts et al. (’40) showed that adult dogs as

well as puppies developed vitamin Bo deficiency anemia which did not

respond to iron and coxiper therapy. McKihbin and coworkers ( ’39) re-

ported that the ingestion of a low level of vitamin Bo is necessary for

growth hut the ingestion of a higher level is necessary to protect pyri-

doxine deficient dogs against hypochromic microcytic anemia. They
suggested 60 pg. of vitamin Bo as an anemia-curative dose for dogs.

The ability of pyridosine to stimulate the hemapoictic system of de-

ficient patients has been extensively demonstrated by increased blood

regeneration and the restoration of the red corpuscles to normal size. The
vitamin was used by Vilter and associates ( ’40) to treat three pcllagi-ins

with macrocytic anemia and two patients with pernicious anemia. A
subjective relief and a slight rcticulocytosis occurred. Although these

investigators stated that vitamin Bo definitely affects the hemapoietio

system of humans who have the macrocytic anemia of pellagra or per-

nicious anemia, they did not imply that it is an antipernicious anemia

factor. It should be emphasized, however, that pernicious anemia is

one of the diseases constantly associated with poikilocytosis. Wintrobe

et al. (’43) produced a severe anemia in pigs by feeding a pyridosine

deficient diet. IMicn pyridoxine was administered, a rapid regeneration

of blood accompanied the restoration of normal corpuscular size. The
reports in the literature indicate that simple stomach animals and

humans may suffer from a lack of vitamin Bo whereas a deficiency of this

vitamin in the normal ruminant is unlikely to occur by virtue of bac-

terial synthesis. Poikilocytosis, however, has not been associated with

pyridoxine deficiency in simple stomach animals.

This investigation has shown that when poikilocytes do occur in the

blood of calves they can he replaced with normal erythrocydes following

the administration of brewers’ yeast, live yeast or vitamin Bo- The
results of this study liave indicated also the possibility of a lack of or a

derangement of the normal rumen activity necessary for the sjmthcsis or

utilization of pyridoxine either for the direct maintenance of corpuscular

integrity or for the factor (s) responsible for this function.

SUMMAHY

Tonng calves on semi-restrieted rations and cows with large open fis-

tulas of the rumen were found to be the dairy animals most commonly
affected with poikilocytosis. Dry brewers’ yeast, live yeast, or pyri-

doxine were effective therapeutic agents for the treatment of this condi-
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tion, whereas the- ingestion of nicotinic acid, riboflavin or a mineral
mixture containing iron, copper, cobalt and manganese did not elicit

any curative effects on the disease.

The occurrence and the degree of severity .of poikilocytosis were in-

dependent of the hemoglobin content, red blood cell count, red blood cell

volume and the plasma concentration of calcium, inorganic phosphorus
and magnesium.

As a result of this investigation the hypothesis is offered that the

primary defect responsible for the occurrence of poikilocytosis in dairy

animals is due to a lack of or an interference Avith normal ruminal

activity.
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A recent resolution by the American Medical Association's Council on

Pood establishes for tomato juice a minimum level of 20 mg. of ascorbic

acid per 100 ml. to meet the “Accepted” seal of the Association. The
establishment of such a standard raises the question as to whether all

producers of tomato juice could possibly attain such a level nith any
degree of consistency. Many studies have indicated the wide variations

in the ascorbic acid content of tomatoes and tomato products, but a

correlated study of the several factors operating in a specific location

has been lacking in most of the I'eports. It is possible that in certain

regions an ascorbic acid level of this magnitude could not be obtained at

the present time, oven when favorable commercial varieties and good

canning management were given primary consideration. For a number
of years, the laboratories participating in this investigation have been

interested in various aspects of this problem, and the present paper is

a report of a correlated study.

Numm’ous investigators have reported on various factors which in-

fluence the ascorbic acid content of tomatoes and tomato products. In

a review of the literature, Hamner and Maynard ( ’42) concluded that

fruit development and nutrition of the plant had little effect on the

ascorbic acid content of the fruit. Varietal differences of from 13 to 44

mg. per 100 gm. of fruit were reported, and light intensity, season and

location, and processing were indicated as factors which markedly in-

fluence the ascorbic acid value of the fruit or the product made from

the fruit.

Some recent studies by Wade ( ’42), Renard and Kanapaux ( ’42), and

Kidson ( ’43) have confirmed the findings that wide differences in as-

‘This btudy was supported in part by a grant from the Edward A. Fileiic Good Will Fund,

Inc.
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corbie acid content of tomato frnit exist among varions varieties. Ham-
ner, Lyon, and Hamner (’42) found that mnter-grown fruits had ap-
proximately 50% as much ascorbic acid as fruits from plants of the
same variety grown in the summer: Holmes, Jones and Eitchie (’43)

reported slightly greater differences between winter tomatoes and fully

ripe summer tomatoes, than those reported by Hamner et al. The
studies of Murphy (’42) and Kidson (’43) have also indicated the large

effect that environmental conditions exert on the ascorbic acid content

of fruits grown in various localities. Hamner, Bernstein and Majmard

TABLE 1

Ascorbic acid content of commercially canned tomato jvice.

SOURCE
KUilBE

OP
CANS

;r ascorbic acid
SOURCE

numbe:
OP

•CANS

a ASCORBIC ACID

Mean ± SD > Bangre Mean + SD Hanre

Market (mff./lOO ml.) (mff.flOO mi.) Cannery '

(mff./lOO ml.) (viff./lOO ml.)

Brand 1 5 11.9 ± .54 11.3-12.5 Lot 1 10 16,3 i: .82 15.3-17.8

Brand 2 10 12.1 ± 1.07 10.6-13.9 Lot 2 10 17.7 ± 1.64 15,2-19.3

Brand 3 10 5.7 ± .27 5.0- 6.0 Lot 3 10 16.5 ± .88 15.1-17.5

Brand 4 10 5.7 ± .26 5.4- 6.2 Lot 4 10 17.4 ± .54 16.7-18.4

Brand 5 10 17.8 ± .66 17.0-18.7 Lot 5 10 21.0 ± .09 20,6-21,6

Brand 6 10 6.9 ± .57 6.4- 8.0 Lot 6 10 20.6 ± .88 19.4-21.5

Brand 7 10 7.9 ± 3.92 4.6-13.4 Lot 7 10 19.8 ± 1.52 17.5-21.2

Brand 8 10 14.5 ± .76 13.8-16.1 Lot 8 10 18.5 ± .60 17.7-19.7

Lot 9 10 19.8 ± .44 19.1-20.4

Lot 10 10 18.2 ± .28 17.8-18.6

Lot 11 10 19.3 ± .85 17.8-20.1

Lot 12 10 18.7 i: .25 18.4-19.0

Lot 13 10 18.2 ± .85 16.9-19.1

Lot 14 10 16.2 ± .44 15.6-16.9

Lot 15 10 19.4 ± 1.26 17.8-32.4

Lot 16 10 19.1 ± 1.20 16.8-20 4

'Standard Deviation ='^Sd'/n-l.

'The manufacturing process is that of Pactorj- A described by Eobinson et al. (’45).

(’45) have shown the great influence on the ascorbic acid content of

tomatoes produced by variations in light intensity previous to harvest.

Such factors as degree of ripeness after the fruit is “mature green,”

storage of fruit for 10 to 14 days at temperatures from 65° to 90°F.,

fertilizer treatment, and relative humidity had only a slight effect, if

any, on the ascorbic acid content of the fruit.

- The work of Bailey ( ’38) indicated that market tomato juice varies

widely in ascorbic acid content, but did not show the extremely low

values that have been encountered in other surveys. Eecently, Press-

ley, Bidder, Smith and Caldwmll ( ’44) reported a range of 2.5 mg. to

25.2 mg. per 100 gm. for commercially canned tomato juice. However,
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in these studies no data were given relative to the prior treatment of

the juice, the exact source of the raw material, or the variation from

can to can within a particular brand. Therefore, the factors mainly re-

sponsible for the large variations could not be ascertained.

Preliminary investigations carried out in this laboratory on the as-

corbic acid content of market tomato juice (table 1) showed that a rela-

tively small can to can variation occurred within a single brand but

that wide variations existed among various brands. A survey of the

ascorbic acid content of the tomato juice produced at a single cannery ^

also was made. Analyses were made of the juice produced each day the

plant was in operation throughout the season. The results, which are

presented in table 1, show little can to can variation for any one day, but

a somewhat greater variation among days. Even so, the total variation

throughout the season was not great as compared to the variation be-

tween brands on the retail market. These results indicate that, even

with a uniform canning process, there is a considerable variation in the

ascorbic acid content of tomato juice. It seems unlikely that this would

arise during the processing since the same process was used throughout

(see also the accompanying paper by Robinson et ah, '45). On the

other hand it seems likely that the ascorbic acid content of the tomatoes

supplied'to the canneiy may be a factor. If this is so, variation in the

tomatoes may arise from two sources
: (1) losses subsequent to pick-

ing and before processing, (2) differences in the ascorbic acid content

of tomatoes in the field. Some preliminai-y studies have been made of

this aspect of the problem and the following is a report on the findings.

At the same time a study was made of the influence of various process-

ing procedures. In this latter study, which was made by Robinson et al.

(’45, see accompanying paper), the same source of tomatoes was used,

in part, as in the first two experiments in this paper.

Loss of ascorbic acid from the field to the cannery

Experiment 1. On August 31st, the above-mentioned cannery was
scheduled to utilize Stokesdalo tomatoes from a particular field a short

distance away from the cannery. Pickers entered the field in the morn-

ing and proceeded to harvest the crop in the usual manner. The follow-

ing samples were collected between 8:30 and 9:15 a.m. Sample no. 1:

Fully ripe, uninjured fruits picked fi-om the vines a short distance

*The Taw material used by this cannery is discussed in this paper. The type of process used

is that of Factory A as described by Kobinson ct al. (*45) in an accompanying paper. Gr.ate-

ful acknowledgment is made to the assistance and cooperation of Mr. Wilson of the Empire

State Pickling Co., Phelps, Xew Tork.
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ahead of the commercial harvesters. Samide no. 2; Fruit from die bo.\-es

into which the commercial pickers were emptying their baskets. In this

sample, fruits wei’e selected which showed no injury or which were
only very slightly damaged. Sample no. 3: A random sample from
these boxes. Damaged as well as uninjured fruit were taken in an ef-

fort to get a sample as nearly representative of the harvest as possible.

Sample no. 4 : Since the portion of the field which was being harvested

was infested with weeds, a sample of fruit was taken from an adjacent

portion of the same field which had been carefully weeded. All the

fruits for this sample were taken from the south side of the vines where

the fruits and the adjacent leaves had maximum exposure to sunlight.

The cannery commenced processing fruit from this field about 2 p.m.

An additional sample was, therefore, taken at the canning plant as fol-

lows. Sample no, 5; A representative sample taken at random from

the boxes on the floor of the cannery.

For each sample twenty to thirty fruits were taken, individually

wrapped in a large amount of tissue paper and carried to Ithaca for

analysis the next day. They were stored overnight at about 40°F. Some

of the fruits were soft at the time of analysis. They were all analyzed

nevertheless. The fruits of samples 1 and 2 arrived in excellent condi-

dition. Evidence from previous work by Hamner et al. ( ’45), has indi-

cated that the method of harvesting and preparing samples 1 and 2

should not have resulted in any appreciable loss in ascorbic acid.

The method of obtaining the samples of individual fruits and of pre-

paring the acid extract has been previously described (Hamner et al.,

’42). The samples of the fruit were extracted with a mixture of 2%

metaphosphoric acid in N sulfuric acid and ascorbic acid determinations

made by a modified xylene method (Bulcatsch, ’39; Stotz, ’41; Nelson

and Somers, ’45). The results of the ascorbic acid analyses are shown

in table 2. There wms no sigmificant difference in ascorbic acid content

between any of the samples from 1 to 5. Eobinson and his co-workers

(’45), took samples from the trimming line only a few minutes after

our sample no. 5 was taken from the boxes in the canning plant. Their

samples were extracted within a few minutes after the sample was

taken and were analyzed a few hours later. The ascorbic acid value ob-

tained did not differ significantly from the values obtained in our sam-

ples 1 to 5, i.e., they obtained 31 mg. of ascorbic acid per 100 gm. of

fresh fruit on this sample. It would appear, therefore, that there was

no appreciable loss in ascoi'bie acid from the field to the trimming line

in the cannery in this experiment.
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Experiment 2. On September 18th, the cannery rvas processing the

same variety of tomato from another field about half a mile from the

above field. A sample of thirty-one fruits collected in the morning from
this field gave an ascorbic acid value of 28.5 ± 0.75 mg. of ascorbic acid

per 100 gm. A sample of twenty fruits taken at random from the bo.xes

in the canning plant late in the afternoon and extracted immediately for

ascorbic acid gave a value of 24.1 ± 0.90 mg., and another sample of

twenty fruits taken from the trimming line and extracted in acid at once

gave a value of 24.0 ± 1.08 mg.

T.VBLE 2

Jsrorbi^ oci/J content fniilligranis per WO gm. fresh fniit) of tomatoes prior to processing.

SAMPLE
DEfiCRIPTrOJ? OP SAMPLE NO or Ascaanic acid

NO. TEUITS
^tea^ ^ Stsndatd Error

1 Selected ripe frmt from vine 23 30.8 i 1.26

2 Selected fruit from boxes in field 23 33.3 ± 1.08

3 Rnndom sample from boxes in field 20 32.9 ± 1.17

4 Fruit selected trluch were exposed

to maximum illumination in tbe

weeded portion of the field 21 ai.8 ± 0 90

g Random sample from boxes in

canning plant 25 29.0 ± 0.94

In this latter experiment, it appears that there was a significant loss

in ascorbic acid between the field and the processing line. It may be

recalled that sample no. 5 (table 1) taken from the boxes on the floor of

the canning plant was lower in ascorbic acid than the field samples, al-

though not significantly so. It seems possible, therefore, that one might
expect some loss in ascorbic acid content of tomatoes during the pick-

ing, transportation, and holding of the fruit at the cannery before

processing. If the fruits are held overnight or more than a day at the

cannery before processing, losses might be considerable, especially if

the fruits are injured and in poor condition.

Variations in ascorbic acid content of fresh tomatoes during

the canning season and from one field location to another

Since a study was made of variations in ascorbic acid content of

canned tomato juice during the course of the canning season at this

particular cannery, measurements of the ascorbic acid content of fresh

tomatoes from the field were also made during the course of the season.
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Thirty rii^e fruits, representing a random sampling of the field, -were
picked on three different dates, one relatively early in the canning sea-
son, another at the height of the season, and a third near the end. The
ascorbic acid values in milligrams per 100 gm. fresh fruit ^vith the corre-

sponding dates were as follows: August 31st, 30.8 ± 1.26; September
7th, 29.4 ±1 0.82; and September 18th, 31.4 ±; 1.25. These data are too

few to warrant definite conclusions, but they do indicate that there was
no general trend in ascorbic acid values during the course of the season,

either upward or doAvnward.

The cannery, during the course of the season, obtained fruit from
many di:fferent fields within a radius of a few miles. Hence it was of

interest to see how much variation in ascoihie acid might be found be-

tween samples of fruit of the same variety collected from different

fields. It was also desirable to determine whether or not such variations

as might be found could be correlated with the amount of illumination

at each field, since some previous results (Hamner et al., ’45) have indi-

cated that the light intensity, to which tomato plants are exposed may

to a large extent determine the ascorbic acid level in the fruit.

Three fields of tomatoes were selected : one containing Stokesdale to-

matoes at Phelps, New York (the field which had been used in connec-

tion mth the cannery experiments)
;
one -with both Stokesdale and John

Baer tomatoes at Geneva, New York; and one with John Baer tomatoes

at Lincoln, Ne’W York.^

An integrating light recorder similar to that described by Sprague

a'nd Williams ( ’41) was placed within 0.5 of a mile of each of these

fields. These recorders had been calibrated previously at the laboratory,

and at the end of the experiment they were again calibrated. It is be-

lieved that the comparative values are reasonably accurate. The in-

strument consists of a photoelectric cell mounted in a spherical globe

and an instrument which records a number of counts proportional to

the amount of illumination (Sprague and Williams).

The light recorders were in operation for a period of 18 days from

September 1st to 18th, inclusive, and daily records were obtained. The

following are the comparative values for the entire period: Phelps

= 100, Geneva= 67.4, and Lincoln= 71.8. On September 18th, analyses

for ascorbic acid content were made on fruits from each of the three

fields with the results shown in table 3. The amount of illumination at

Geneva wms 67.4% of that at Phelps, and the ascorbic acid values for

the Stokesdale variety w^ere 75% of those at Phelps. There was almost

’ Grateful acknowledgment is m.ode to the cooperation of Dr. C. B. Sayre in obtaining these

samples.
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the same illmnination at Lincoln as at Geneva, and the ascorbic acid

values were almost identical for the John Baer variety.

The illumination values given above represent average values over

the entire experimental period. The dail5' records showed similar fluc-

tuations at Phelps and Geneva, although the values at Phelps were
nearly always slightly higher than those at Geneva on any particular

day. The fluctuations from day to day at Lincoln, which is nearly 30

mUes northwest of Phelps, followed a somewhat different pattern than

at the other two locations. It was surprising that there was so much
difference in illumination between Geneva and Phelps which were onty

8 miles apart. Geneva is located at the northern end of Seneca Lake,

while Phelps is northwest of Geneva. It may he that the proximity of

Seneca Lake resulted in the lower illumination values at Geneva.

TABtE 3

Ascorfjic acid content and relative illumination of tomatoes grown at three fields.

ViRrerr ReukTHi: NO. or
ASCOBBrO ACID COJfTBXT

or TMsn rsuiT

Mean + Standard Error

mp /too ffm.

Phelps, N. T, Stokesdale 100 27 33.4 * 1.25

Stokesdalo 42 23.0 3: 0.65

Geneva, N- Y.

John Baer

67.4

42 20.0 * 0.40

Lincoln, N. Y. John Baer 71.8 27 19.0 ± 0.59

These data indicate that the variations in ascorbic acid content from

one field to another may reflect variations in illumination. The results

are in accordance with previous results (Hamner et ah, ’42; Murph}',

’42; Hamner and Maynard, ’42) which indicate that the variations in

ascorbic acid values from one location to another may be very large

and that the intensity of illumination may he the dominant factor in

causing the variations (Hamner et ah, ’45).

DISCUSSION

In considering the losses in nutritive value which might occur during

processing of food products, one should bear in mind the possible losses

during the picking and handling of the crop prior to its arrival and
utilization at the cannery. In comparing the nutritive value of products

from various canneries, it is also important to ascertain to what extent

the values obtained for a given product are determined by the original

values of the fresh material which was used. For example, it seems
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possible that the relatively great variations which have been reported
for the ascorbic acid values of fresh tomatoes might account for much
of the variation which occurs in canned tomato juice.

In this paper, wide variations in ascorbic acid content of canned
tomato juice obtained on the market were found. These variations are

much greater than can be accounted for on the basis of the experimental
variations in the processing methods (see the accompanying paper by
Robinson et ah, ’45). The loss in ascorbic acid during the picking and

transportation of the fruit to the cannery was so small in these experi-

ments that it would seem likely that variations in these procedures

would not explain the great differences which are found in juice from

several sources. The limited storage studies do not provide evidence

that variations in storage time or conditions could explain the variable

market values.

The woi'k presented here, as well as previous investigations (Hanmer

et ah, ’42, ’45; Murphy, ’42; Hamner and Majmard, ’42), indicates that

the location or season at which the fruits are produced causes very

great variations in the ascorbic acid content of fresh tomatoes. These

variations are of sufficient magnitude to provide a possible explanation

of the variations in market toma'to juice. Differences between varieties

doubtless provide for part of the variations.

SUMMARY

1. Little loss in ascorbic acid in tomatoes was found during the pick-

ing and transporation of the fruit to the cannery.,

2. Considerable variation in ascorbic acid content was found from

one tomato field to another.

3. The data presented indicate that the amount of light for 18 days

prior to harvest is closely correlated with the ascorbic acid content of

tomatoes under field conditions.

4. Differences in amount of illumination appear to account for much

of the variation in ascorbic acid content of tomatoes which is found

between fields several miles apart.

5. It is suggested that the variations in the fresh tomatoes may be an

important factor in determining the variations observed in the ascorbic

acid content of market tomato juice.
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THE EFFECT OF MANUFACTUKING METHODS OX THE
ASCOEBIC ACID CONTENT AND CONSISTENCY

CHAEAGTEEISTICS OP TOMATO JUICE'-

WILLABD B. BOBINSON, ELMER STOTZ AND Z. I. KERTESZ

Kew York State Agricultural Experiment Station, Cornell Univeraify, Geneva, Xerv York

(Beceired for publication June 22, ISiS)

The accompaaying paper by Somers, Hamner and Nelson ('45) il-

lustrates the great variations which may be found in the ascorbic acid

content of market samples of tomato juice, and the relation of these

variations to growing conditions, harvesting, and delivery of tomatoes

to the processing plant.

The ascorbic acid level of tomato juice purchased on the market rvill

be governed by three main factors, namely (1) the ascorbic acid content

of the raw product, (2) the eSect of production methods, and (3) the

influence of storage on the finished product. This paper presents the

results of studies on ascorbic acid tosses during processing in two com-

mercial canning plants, with special reference to the preheating temper-

atures employed during crushing of the tomatoes and to related changes

in the consistency of the juice produced. In this paper the term “break-

ing” refers to the crushing of tomatoes prior to extraction of the juice,

“hot break” when heat is simultaneously applied during the crushing,

“cold break” when no added heat is employed. Storage studies of the

tomato juice produced under controlled conditions are in pi’ogress and

will be presented in another report.

There are several older references to the ascorbic acid losses which

may occur in the preparation of tomato juice. Some of these investi-

gators employed insufficiently accurate bioassay methods for detei'-

mination of the vitamin and most of the studies were not carried out

under commercial production conditions. The general conclusion is

prevalent, however, that the processing loss is small when conditions

avoiding oxidation are observed (Kohman, Eddy and Gurin, '33; Daggs
and Eaton, ’34). Sanborn (’38) has given particular emphasis to the

* Journal Paper no. 632, Kew York State Agricultural Expcriinont St.Ttion, Cornell Umvoraitr,

Geneva, Netv York.

*This work was supported in part by a grant from the Cooperative G.L.F. Etchange, Inc.,

Ithaca, New York.
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increased losses wliicli may occnr wlien the hot jnice is exposed exces-
sively to aeratmn, for example daring centrifugal pumping and tank
holding of the jnice. One of the few actual figures reported in this sur-
vey cites a 19% loss of ascorbic acid during a 13-minute period required
for the heating of juice in a tank prior to can filling. Sanborn stated
that the most complete conservation of vitamin C was found in plants
employing the “hot break” of the tomatoes.

Kertesz and Loconti ( ’44) have studied the factors which govern the

consistency of tomato juice, and demonstrated that application of the

“hot break” method gives a juice of superior consistency. The wide
use of tomato juice as an important nutritional source of vitamin C is

contingent on maintaining satisfactory color, consistency, and flavor in

the juice. Since considerations of juice consistency advise the “hot

breaking” of tomatoes, it was important to determine whether the ele-

vated temperature (up to 200°F.) employed would cause more loss of

ascorbic acid than if the juice were prepared without heat or with only

preheating. Opposed to the possibility of increased destruction due to

elevated temperatures, the presence in the tomato skin of thei’mo-labilc

agents which facilitate the destruction of ascorbic acid (Wokes and

Organ, ’43), could be suspected of causing more rapid loss of ascorbic

acid during the manufacture by a “cold break” method. Particular

attention was therefore given in this study to the effect of preheating

temperatures on the ascorbic acid content of the processed tomato

juice. Simultaneous observations on the consistency of these juices

were made to determine whether any relation exists between consistency

and the stability of the ascorbic acid.

The experiments were carried out in two commercial canning plants

during regnilar production in the 1944 season.® One of these employed

the “hot break” procedure and here it was possible to study the effect

of different preheating temperatures without other changes in the pro-

cedure. In the second plant where the “cold break” process was used,

conditions favored a study of the effect of tank holding and proces.sing

times on the ascorbic acid content of the finished juice.

EXPEKIMEXTAL PEOCEDTJEES

The manufacturing procedure used in factory A was as follows:

The tomatoes were washed, sorted, and trimmed in the usual manner.

From the sorting table the fruit entered a crusher-preheater.^ This

’We are grateful to Mr. Fiord Wilson of the Empire State Pickling Co., Phelps, Xew York,

and to Sir. Irving B. Cook of the G.L.F. plant in Waterloo, Xciv York, for their assistance an

cooperation.

‘Food Machinery Corp., 40-gaHon per minute capacity.
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was of tubular coustiuctiou and contained a rs’orm revolving at 184 EPM
which crushed the tomatoes and forced them through the tube. With a

given rate of steam supply to the preheater, the extent of heating de-

pended somewhat on the volume of tomatoes. Pi heating temperatures

were varied by regulating the steam supply to the breaker, and re-

corded by some 40 to 60 temperature readings on the material emerg-

ing from the breaker. The crushed tomatoes then entered a juice

extractor in which the juice was pressed through a closely fitting

screen by a screw revolving at 300 BPJI. The juice was pumped into a

200-gallon stainless steel tank, heated to 180°P., and filled into no. 2

size cans. These were scaled on a high speed closing machine, processed

for 5 minutes in a tank of hot water (lOO^P.), and finally cooled to

about 130°P.

In factory B the tomatoes W’ere trimmed, crushed, and the juice ex-

tracted entirely without the application of heat. The juice was pumped
into nOO-gnllon stainless steel tanks and then heated to 180°F. with

continuous stirring. Usually the juice was held for at least 15 minutes

before filling into no. 3 (tall) size cans. Those wore processed for 20

minutes in boiling water and cooled for several hours in a cold water

tank.

Temporary interruptions in the production lino made it possible to

relate all samples taken along the processing line to tlie particular lot

of fruit used as raw product. In practice, the preheater, juicer, and a

receiving tank wei'e emptied before starting a given temperature run.

A hatch of tomatoes, all coUeoted from the same field was then pre-

pared and fed to the preheater, and approximately thirty whole fruits

removed from the truumiug line at random (series A, table 1) during

the 20 to 25 minutes required for ivithdrawing samples at other points

in the processing line. Comparable lots of the raw jiroduct for each

temperatune run was thereby afforded.

The second seric.s, consisting of at least four samples, was taken as

the crushed fruit emerged from the crusher-proheater (series B, table

1 ) . These samples were preserved in metaphosphoric acid immediatel}'

to serve for subsequent determination of ascorbic acid.

The third series of samples was taken at the filling machine in fac-

tory A, and from the tank after heating to ISO^F. in factory B (series

C, table 1) and consisted of two portions in each case. A fourth series

of samples was taken from two cans after the cooling operation (series

D, table 1).

* Food Mftchinory Corp., "Super Pulpcr," 20 tong per hour.
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The trimmed tomatoes were sampled and preserved for ascorbic acid
analysis at the factory by cutting a slice of approximately 25 gm. froui
the center of the tomato, and homogenizing with 100 ml. of 2% metca-

phosphoric acid in 1 N sulfuric acid in a Waring Blendoi*. Other sam-
ples from the processing lines were preserved immediately by pipetting
5 ml. of the juice into 10 ml. of the acid mixture. The preserved sam-
ples were analyzed for ascorbic acid either immediately on return to

the laboratory or within 24 hours after storage in a cold room. Pre-

liminary investigations had showir that the latter procedure involved

no loss of ascorbic acid. Ascorbic acid was determined in duplicate on

each filtered extract by the xylene extraction method of Robinson and

Stotz (’45). The formaldehyde modification of this method showed

that all of the indophenol reducing power of the filtrate was due to

ascorbic acid.

The determination of various factors related to the consistency of

the juice was made by methods described previously (Kertesz and

Loconti, ’44). Viscosity of the juice (“gross viscosity”) was deter-

mined in the Stormer viscosimeter at 30° C. using a 90 ml sample and

50 gm. driving weight. The serum viscosity was determined at the same

temperature in an Ostwald viscosimeter. The calcium pectate content

of the serum was determined by the Poore (’34) modification of tbc

Carre and Haynes method (’22), using a preliminary precipitation with

70% ethanol containing 0.05 N hydrochloric acid. The rate of filtration

was determined by observing the proportion of 100 ml. of the juice

which passed through a 18.5 cm. Whatman no. 12 filter paper in 15

minutes.

BESULTS

Table 1 summarizes the ascorbic acid results and physical character-

istics of the juices prepared in factories A and B at the different pre-

heating temperatures. The relation between preheating temperatures

and the consistency of the juice was in agreement with previous obser-

vations (Kertesz and Loconti, ’44). Average 'figures are recorded for

ascorbic acid contents with probable errors for the analyses of whole

tomatoes, and ranges for the juice samples. Runs I, II, and III were

carried out in plant A on the same day. Variations from 156°-200°P.

in the preheating temperatures caused uo significant differences in the

ascorbic acid content of samples taken at any point in the processing

line. A 15 to 19% loss in ascorbic acid was observed in the overall

process, nearly all of this occurring during the tomato crushing stage.

On another day at plant A, the breaking temperature was lowered to
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include juice prepared at 80°F., -without added heat. Again there was
no relation of the preheating temperature to the ascorbic acid content

of the finished tomato juice. In run VII, carried out in plant B, only the

“cold break” procedure was used. In spite of differences in the type of

breaking and juicing, longer standing in the tanks, and a longer process-

ing time, there was nevertheless approximately the same loss of ascorbic

acid during the overall manufacturing procedure. In this plant the

greatest loss occurred after the juicing procedure rather than during

the breaking operation.
TABLE 1

The relation of preheating temperatures to ascorbic acid losses in the processing line and to

consistency characteristics of the juice.

AVERAGE ASCORBIO ACID (UO /lOO OU )•
!

1

RELAW'E
\’I8C08ItT*

CALCI-
UM * COMPAR-

RUN * PBEnEATINO

SerUa
A

Series
B

;
Senes

1

®
Series !

1

^

LOSS

1 :

Juice
i (Stor- 1

mer)

Serum
(Ost-
wald)

IN
BERUM

TION
RATE

•r. 1

j

%
j

I 200

(185-203)
3l.S±0.65« 27.4

'

1
26.0 26.4

][

15.6 i 2.20 ' 1.82 .100 6.0

II 170

(168-184)
31.8 ± 0.62 27.3 24.2

1

25.8 18.8
‘

j

' 1.76

i

1.67
1

.087

1

8.0

III 156

(148-176)
31.3 ± 0.09 24.8 26.5

'

26.8

1

14.5
'

1

1.58 1.32 ! .038

1

11.0

IV 185

(170-200)
33,6 ± 0.56 28.2

l

27.0

1

27.0
'

1

' 19.4 1 2.02 1.94
,

1

.089

1

7.0

1

V 124

(98-146)
Same as IV 23.1 27.6

’

' 27.3
1

18.5 1.58 1.44
'

' 000 !
! 11.7

VI 80

(76-84) j

Same as IV 28.0 27.6
1

1

27.5
,
17.9 1 1.59

1

145 1

1

.000 12.7

VII 80 20.8 ± 0.46 i 20.7
I

16.8
1

16.6
1

20.2
1

1.26
i

1.15 .000
;

.33.0

* Runs I-IH on same day at plant A, IV-VI on a different day; VII at plant B.
* Series A— trimmed tomatoes; series B— after breaking; series C— before can filling;

series D— processed juice.

* For particulars of the methods see the text.

* After preliminary precipitation ^vith acid ethanol.

* Probable error of the mean.

The ascorbic acid content of the raw tomatoes was considerably less

at plant B than at plant A, resulting in juice with a considerably lower

ascorbic acid content. The accompanj'ing paper of Somers, Hanincr

and Nelson (’45) offers a possible explanation of this finding involving

differences in solar illumination prior to harvesting.
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In contrast to the negative effect of breaking temj^eratiire on tke
ascorbic acid content of the juice, a distinct effect is noted on consistency
cbaracteristics of the juice. Juices prepared by the “cold break’’
method possessed a low viscosity and high filtration rate. Juice pre-
pared in run VII showed a separation of a watery, layer from the juice
on standing. No pectic substahces could be found in the serum of the
juices prepared with preheating temperatures of 124°P. or lower, re-

sults which confirm more controlled laboratory experiments (Kertesz
and Loconti, ’44).

TABLE 2

Effect of heating in an open tank and of hot water processing of canned tomato juice

on the ascorbic acid content.

TREATMENT
j

TIME AscoRnrcACio
|

' j

LOSS IX
PROCESSIXO

{
min.

j

mg./lOO ml. I %
0 15.5

i

i
4

! 15.0 , 3.2

Juice standing in open tank at 10
1

)

5.8

ISO'F. with constant stirring— ;
30 1 15.0 : 3.2

Duplicate analyses. ' 60
1

13.1 i
, 15.5

1 90
1

12.8 17.4

i

120
i

ll-l
i

28.4

1 0 1 13.5 i

j

10 13.4 0.7

Cans processed in boiling water
|

20
;

13.3 1.5

tank. Duplicate cans analyzed ' 30 13.5 0.0

4 days after processing. 60 !
12.9 4.4

90 12.4 8.1

120 12.2 9.6

Since no outstanding differences in the ascorbic acid content of tiie

finished juice could be attributed to variations in the preheating tem-

peratures, the effect of exposure of the juice to air in the heating tank

and prolonged processing in the closed can was studied. These experi-

ments were carried out in plant B, where the tomato juice was kept in

open 600-gallon stainless steel tanks at 180°P. and continuously stirred.

The canned juice (no. 3 size cans) was processed, in a tank of boiling

water. The results of these experiments ai-e shonm in table 2. It is evi-

dent that the hot juice exposed to air lost considerable ascorbic acid,

amounting to approximately 30% in 2 hours. Excessively long storage

of the hot juice in a tank could therefore lead to production of a juice

with a considerably lower ascorbic acid content. There was little los.s

•during processing in the sealed can. During the 20 minutes of process-
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ing regularly employed at plant B, there iras no loss of aseorbic acid;

1 hour of heating resulted in 4% loss, and 2 hours in approximately a

10% loss.

DISCUSSION

The experiments reported show that under efficient manufacturing

conditions, tomato juice should contain at least 80% of the ascorbic

acid content of the trimmed tomatoes. Wide variations in the preheating

temperature, although causing great differences in the consistency,

produced no changes in the losses of ascorbic acid during the manufac-

ture of tomato juice. In general, the great stability of ascorbic acid in

tomato juice in contrast to its stabilitj’ in other tj^pes of solution is

noteworthy. There are apparentl}’ no enzjune systems in the juice

which are effective in the oxidation of vitamin C ; in fact there appears

to be present an efficient inhibitor of ascorbic acid oxidation.

Assuming efficient manufacturing conditions, it appears that the

greatest single factor in producing juices of widely different vitamin

C contents is the amount of vitamin in the tomatoes. The wide varia-

tion in market samples of tomato juice (Pressley et al., ’44) as con-

trasted to the smaller variation in tomato juice samples collected at

the cannery (Somers, Hamner and Nelson, ’45), might be traced to

differences in storage conditions as well as to variations in the fruit.

Heeontly the Council on Poods and Nutrition of the American Medi-

cal Association (’45) proposed to place the “seal of acceptance” on

canned tomato juice only if this contained in excess of 20 mg. of ascorbic

acid per 100 ml. juice. It is clear that in order to obtain freshly made
tomato juice which will meet this standard, the tomatoes used in the

manufacture must contain an average of at least 25 mg. of ascorbic acid

per 100 gm. (trimmed) fruit. In view of inevitable losses of ascorbic

acid during storage and distribution, it may also be necessary to specify

favorable storage conditions before a “seal of acceptance” can become

an effective nutritional measure.

SUMMAnV

1. Losses of ascorbic acid wei’e measured during the commercial

production of tomato juice, with particular attention to possible vari-

ations due to different prebeating temperatures.

2. An overall ascorbic acid loss of 15 to 19% occurred during tomato

juice manufacture, and this was independent of the preheating tem-

perature. A distinct effect of preheating temperature on consistency

characteristics of the juice was evident.
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3. The principal loss of ascorbic acid occurred during the “break-
ing” of the tomatoes. Considerable loss may occur during excessive

holding of the hot juice in a3i open tank, but little during processing

in the can.
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THE ELIMINATION AND DISTRIBUTION OF SELENIUM IN
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'
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Department of Desearch Chemistry^ Vniversiiy of TVyomtnp^ Laramie

(Received for publication June 12, 1945)

The retention and elimination of selenium from the tissues of live-

stock raised on seleniferous areas are important from the public health

point of view. Smith et al. (’36) found that the rural population of

eastern Wyoming, South Dakota, and northern Nebraska excreted from

100 to 200 tig. % of selenium. Normally, human urine in nonseleniferous

areas contains no selenium. Smith and his co-workers (’37) reported

that the probable source of selenium was of animal origin, sueh as milk,

eggs, and meat as well as cereal grains and vegetables. They reported

that the incidence of vague symptoms of ill health, suggestive of gastric

and hepatic disorders, were high enough to indicate the probability of

cause and effect.

Investigations dealing with the elimination and distribution of se-

lenium on laboratory animals were carried out by Smith et al. ( ’37, ’38)

and Anderson and Moxon (’41). Studies dealing with the distribution

and elimination of selenium in farm animals are few. Dudley ( ’36) re-

ported the distribution of selenium in cases of acute and subacute se-

lenium poisoning in livestock. However, he did not study the elimination

of selenium in these animals. Since seleniferous areas supply a large

amount of our meat, it appeared to us that an investigation on the elimi-

nation and distribution of selenium in the tissues of larger animals

should merit consideration. Our experiments were designed to study

the effect of protein diets upon selenium toxicity, the biochemical

changes which occur in selenium poisoning and the distribution and

elimination of selenium. The results of the first-mentioned problem

were reported elsewhere (Bosenfeld and Beath, ’46). In this paper we
wish to report on the elimination and distribution of selenium in the

different oi'gans.

‘Approved for publication by the Director of the Wyoming Experiment Station.
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EXPERIMENTAL

Yearling ewes raised in Wyoming were used as experimental animals.
The ewes were divided into four groups, five animals in each group.
Group I received a high protein diet (20% digestible protein)

;
group

II was fed with a medium protein diet (12% digestible protein)
;
group

III was given a low protein diet (1.5% digestible protein)
; and group

IV, controls, received the same diets without selenium. The percentage

composition of the respective diets is given in table 1.

TABLE 1

Vcrccniagc composilion of dieis fed io sheep.

IKGRKDIKKT iriOH IMIOTKIK MEDIUM rnOTRIN* LOW PROTEIN

% Vo Vo

Ground yellow .‘lO 12.5

Linseed menl 25 IG

Cottonseed mc.nl IS 10

Wheat bran 13 12.5

Molasses 10 20 19

Mineral nii-xturc ’ 4 4 4

Wheat straw 25 25

Dried starch waste 25

Cottonseed hull 25

Corn oil
e>u

‘Ground limestone iO'/e, disodium pliosplmtc 40%, .^tld iodized salt 20%.

The selenium was given by drenching. Water extract of the selenifer-

ous plant, Atriplex canescens, was used as a source of organic selenium.

The concentration of selenium in the extract was determined by the

method qf Klein (’41). However, we found that whether we used or-

ganic or the inorganic selenium of sodium selenite (NaoSeOs) acute in-

toxication occurred with the same dose when the selenium was adminis-

tered orally. Therefore, at the end of the experiment we used the

inorganic selenium. Each experimental animal was drenched with 10

mg. of selenium, daily for 21 days, and the dose was increased to 20 mg.

daily until the animals developed toxic sjuiiptoms. In two intoxicated'

animals of each group the selenium feeding was discontinued, and in

three sheep the dose was increased to 30 mg. daily. The selenium ad-

ministration was stopped in order to study its elimination from the

different tissues and to determine the length of time required for the

animals to be free of urinary selenium. Once a week each sheep was

placed in a metabolism cage for 24 hours and urine collected with toluol

as the preservative. The total quantity of urine excreted was noted and

the amount of selenium was calculated on that basis. Blood was taken
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from the jugular vein of the animals. Analyses of selenium in the blood,

urine and tissues rvere carried out according to the method of Klein

(’41).

DISCUSSION

Urinary excretion of selenium of the three groups of animals ivhieh

received selenium until deafh are given in table 2. Groups on high,

medium and low protein diets excreted 4.8, 5.5 and 3.5 mg. of selenium,

respectively, during 33 days. However, as the administration of se-

lenium was continued, therd was a decreased elimination, ivith subse-

quent oliguria, and anuria. This decrease was associated with kidney

injury as reported bj’ Draize and Benth (’35).

TABLE 2

Excretion of selenium in the unae btf the different diet orovp.i.

Sheep received selenium until deoih.

RIOR PBOTSIN DIET MEDIUM rROTlEN DIET DOW PROTEIK DIET

Seltinium Selenium Selenium

Adinitti«eted Exceeted AdminiMered Exereled Administered Excreted

A’o mff 1 fTo / Wlff./ So. •mg f tn^r (

dat/» dav day doyt <f<iV day dayt day day

0 0<3)’ 0 0 0(3)’ 0 0 0(3)- 0

33 15.0 4.8 31.7 35 15.0 5.5 36.9 29 15.0 3.5 23.1

SI 20 0 5.7 28.7 50 20.0 5.7 28.5 40 20.0 1.9 9.6

67 30.0 5.7 19.1 04 30.0 5.3 17.5 48 20.0 2.1 10.5

80 30.0 4.7 15.5 78 30.0 4.7 15.5

107 30.0 4.7 15.6 108 30.0 28 8.3

'Numbers in parentheses indicate the number of animais used.

Table 3 gives the selenium in the urine after selenium feeding was
discontinued. Before symptoms of intoxication’ appeared the high and
medium protein diet groups had received in gradual doses a total of

860 mg. and the low protein diet group a total of 3G0 mg. of selenium.

The groups which received the higher quantity of selenium eliminated

larger amounts. However, 36 to 38 days after the cessation of selenium

administration, all groups eliminated approximately the same amount,

and at the end of 50 days all the urines were free or contained only

traces of selenium. Smith and his co-workers ( ’37) reported that cats

eliminated the bulk of the selenium within 2 weeks. MeConnoll ( '41 )

,

using radioselenium as tagged atoms, studied the distribution and elimi-

nation of a single subtoxic dose of selenium In rats and found that from
41 to 43% of the original dose appeared in the urine during the first 24-

honr period. IVc have found that sheep excreted only small amounts of

selenium in the first 24 hours. It seems that among different species of
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animals tliGic is mucli variation in tlic timo taksn iDoforo SGlcnium ap-
pears ill the urine and time required for its depletion. Therefore, the
elimination of selenium in smaller animals can serve only as an ap-
proximate guide in the larger animals.

TABLE 3

Llimiridtion of nrlcnivin in the urine ofiCT sricniiini fccHiUff ciiscontiniiecl,

ANIMALS ItECElVINO WETS
HiaJi rnoTriif medium photein low protein

Sclcnium Sclonium Selenium

Days
Totnl
amounl
piven

Exrrclccl Bays
Total
awDunt
civen

Excrcterl Days
Total

amount
firwen

Excreted

Duration of
will. inff./dai/ Vlff. mff./daii •wip. mg./daif

selenium

feeding 44 800(2)' 5.558 44 860(2)' 5.98 44 300(2)' 2.85

Selenium

w.i.s dis-

continued 8 1.20 8 1.20 13 0.21

Selenium

was dis-

continued 30 0.243 30 0.34 38 0.28

Selenium

was dis-

tinued 50 Traces SO Traces 52 0.0

Control 0 0.0 0 0.0 0 0.0

^Xiinibcrs in parentheses iiuUcate tlie number of animals used.

Table 4 presents the concentration of selenium in the tissues of ani-

mals which received selenium until death and the selenium in the tissues

of animals in which the selenium feeding was discontinued for 61 and 64

days. Sheep fed with high and medium protein diets were able to with-

stand a larger amount of selenium than those on the low protein ration.

The increased selenium intake in the higher protein diet groups pro-

duced a correspondingly increased storage in the ditferent organs. In

all groups the liver and kidney contained the largest amount and the

muscle and brain stored the smallest amount of selenuim. It is interest-

ing to note that the fat was free of selenium in all groups, regardless of

the amount of selenium given. This suggests that a greater deposition

of selenium occurred in the organs which contained the higher per-

centages of protein. Dudley (’36) suggested a replacement of sulfur

by selenium in certain amino acids which were utilized in the formation

of modified proteins. We found that the livers of animals which died
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of selenium poisoning showed a decrease in the protein and sulfur con-
tent regardless of diet (Eosenfeld and Beath, ’46), indicating a possible
protein-sulfur-selenium antagonism. In sheep in which the selenium
feeding was discontinued for 61 and 64 days the selenium content of the
tissues was approximately the same as in the control animals, with the

exception of the liver and the kidney. The residual , selenium present
in the different tissues after discontinuance of selenium feeding was
considered negligible since such small quantities of selenium would he
too low to produce harmful effects. Smith and his co-wmrkers ( ’40) re-

ported that an estimated intake of about 1.0 to 1.5 mg. per kilogram

per day of inorganic selenium was required to produce important patho-

logic changes in experimental animals. Our results agree ^vith their

observations. aAlso it can he seen from table 4 that if animals were

slaughtered at a time wdien their selenium intake was high, then the

meat obtained can be a source of a large amount of selenium in the

hunlan diet. The absence of selenium in the urine can serve as a guide

for the selenium depletion in the different organs.

•SUJrMARY

The elimination and distribution of selenium in sheep receiving

graded doses of selenium for 44 and 116 days was studied. Sheep fed

with selenium until death eliminated smaller quantities of selenium in

the urine toward the end, due to kidney injury, and stored larger

amounts in all the tissues.

Selenium wms excreted in the urine gradually after selenium adminis-

tration was discontinued. In 50 days the urine showed only traces or

was free of selenium.

The storage of selenium in the different organs depended upon the

amount of selenium administered to the animals. In all groups the liver

and the kidney contained the largest amount and the brain and muscle

the smallest amount of selenium. Other organs shouted variations as to

the quantity of selenium accumulated. The fat was free of selenium

regardless of the seleniiun intake.

A small amount of selenium -was present in all the tissues 61 and 64

days after selenium administration was discontinued. According to our

present knowledge this amount was considered insufficient to cause

harmful effects.
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(Received for pubhcntton April 30, 19-t5)

The purpose of the expeviiuenfs reported in this paper was to de-

termine the vitamin D content of human milk following the ingestion

of fish oils containing the antirachitic vitamin.

The literature revealed scanty information on the vitamin D content

of human milk and the data were difficult to interpret. Of the normal

values given in thirteen papers eleven are reported as either no vdtamiu

D or traces only. Van Nickerk (’33) reported 15 to 22 international

units (I.TJ.) per liter. Drummond, Gray and Richardson (’39) reported

an average result of 60 I.U. per liter, the range of the values being

from 20 to 90. The results in the fortification experiments reported

(eighteen papei;s) are qualitative i-ather than quantitative and indicate

failure to increase the vitamin D content following the administration

of fish oils. IVo therefore planned an experiment in which massive doses

were to bo supplied.

PLAX OF EXPEKIMEXT

The mothers were chosen at random from our prenatal clinic; the

study was made during the winter of 1941-1942. The diet prescribed

was high in protein, low in fat. The carbohydrate recommended was
high initially and was gradually decreased. A liberal supply of milk,

green vegetables and eggs was part of this diet. The degi-ee of adher-

ence of the mothers to this prenatal diet could not be checked.

Vitamin D in the form of mixed fish liver oil,^ bioassayed by us,

was supplied in a single dose of 32,000 F.S.P. XI units by capsule at

each weekly visit to the clinic. Many mothers failed to attend rogidarly.

‘ Tliegp invcstjftntjona ivere aiilerl by a grant from Mead Jolinson and Company, Evansville,

Indiana.

* PTo&vntpil before tlie meeting of tbe American Society of Biological Cbcmists, belt! in

absentia, 1943. Polskin, L. J., B Ivjamer and A. E. Sobel, 1943, Secretion of vitamin I) in

miJkg of Immans fed fish oil. Fed. Proe., rol. 2, p. 68.

•The fish liver oil ivJis kindh contributed by Mead Johnson and Company.
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During the observation periods, from 32,000 to as much as 480,000 units
were consumed, A total of fifty-nine patients were studied in all, twenty-
one of wijom served as controls who- received no vitamin D supplement.
Daily milk collections of from J to 24 ounces avere made by means of an
electrically-driven breast punap during the first 7 to 9 days of lactation.

In one case (L. G,, no. 55) an 8-day balance study of the amount of tlie

vitamin present in the blood, milk and stools was made.

Bioassay of viiamin D
The rat bioassay method (A.O.A.C,, ’40) wms used to determine the

vitamin D content of the milk, eight feedings being made during the

first 8 days; the animals were sacrificed at tlie end of the tenth day. In

order to improve the well-being of the test animals, Steenbock’s diet

no. 2965 was modified by incorporating 3% brewer’s yeast * at the ex-

pense of the yellow corn in the diet. Sobel, Goldfarb and Kramer (’35),

i^atelson and Sobel ( ’35) and Bechtel and Hoppert { ’36) reported the in-

corporation of yeast pow'der for similar reasons. The bones were rated

independently by two of us, following essentially the gradations de-

scribed by Russell, Wilcox, Waddell and Wilson (.’34), and then pre-

pared for photographing by the procedure of Tayloz’, Klein and Ens-

sell(’38).

Vitamin D was determined in blood as follows : For the preliminary

blood sample 6 ml. of whole blood w'cre mixed with about 35 gm. of the

modified no. 2965 diet. This was entirely consumed by the test rat hy

the seventh day. The basal ration wms then supplied until the animals

were sacrificed. For bloods obtained following vitamin D supplementa-

tion, high vitamin values were anticipated and, therefore, the whole

blood was immediately frozen and dehydrated by the vacuum drying

method of Cooper and Grabill (’39) as modified by Warkany, Guest

and Grabill (’42). Following preliminary test levels, 350 mg. of blood

solids were mixed into the 2965 ration as described above for the final

bioassay.

Vitamin D was determined in the feces (or soap suds enema) as fol-

lows ; The fresh collection was immediately mixed with an equal volume

of acetone. The material was then extracted with 250-300 ml. portions

of diethyl ether for at least four times. The ether solutions were washed

thoroughly with wmter, shaken with anhydrous and allowe

to set with the salt over-night. The filtered ether solntions were con-

centrated under vacuum. The extract of the stool collected before vita-

.Tohnson.
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minD supplementation was begun was dissolved in ether and distributed

directly into the basal ration. The residues of the stools following the

vitamin D feeding were dissolved in a knoivn amount of corn oil and

stored on ice until bioassayed. The oils were fed to the rats orally by

the micro syringe. Although this method of concentrating the vitamin D
in human feces was not tested critically it is believed that nearly all of

the vitamin was extracted.

The vitamin D in each sample was estimated from the average nu-

merical response of rats fed the reference cod liver oil and also from

that of a “master curve” which was made. Recourse to the latter was
necessary because this method is essentially one of “trial and error”

and the supply of milk was limited. In every ease we endeavored to

use as many test animals as was practical. The milk samples were
stored in the cold and preserved with formalin as prescribed. The aver-

age numerical values (arbitrary score) for the degree of cure of the

rachitic tibiae in fifteen or sixteen test animals per group were deter-

mined.® Bach group received a total of 32 ml. of a 9% reconstituted skim

milk solution and a total of 1, 3, 4, 5 or 7 TJ.S.P. XI units of vitamin D
in the form of Reference Cod Liver Oil. A reading of one represents a

single, narrow, continuous black-stained line in the decalcified area

(metaphysis) of the halved tibia.®

Although the colostra were bioassayed independently, the data are

not treated separately because the demarcation of colostrum and milk

was not too apparent and, moreover, because the total quantity of the

first, watery “milk” usually was enough for one to three rats.

RESULTS

Control milks

Prom a study of twenty-one control mothers ® vitamin D could not

be detected in the whole milk of eighteen cases when as much as 50-60

ml. of mUk were bioassayed. The milks of the remaining three mothers
showed 17, 28 and 40 I.IJ. per liter. Most of the bioassays were done

on seven to nine rats and occasionally on less, the average number
being 7.0. The volumes of milk consumed per rat were from 13 t6 68 mb,

* V S P XI UNITS ITTAMIN D SUPPLIUD NUKESrOAL REWJNSB TOR GROUP

1 0.4

3 1.4

4 1.9

5 2.1

7 2.3

•Four of these patients, nos. 50, 57, 58 and 59, taken from another experiment, received nhout

1 gm, of lecithin beginning inth lactation. The lecithin, bioassaycd at a 0.44 pm. level, bad no

vitamin D.



454 L. J. POLSKIIf, B. KBAMEU AND A. E. SOBEL

Ihe average being 38.6._ It was difficult to induce the animals to consume
larger quantities of milk. Since 1 unit of vitamin D in Eeference Cod
Liver Oil gave a healing score of 0.4. i.e., theoretically, f of a narrow,
continuous line of calcification in the stained metaphysis of the split
tibia, it is estimated that about 10 I.U. per liter could be detected. It
is concluded, therefore, that the vitamin D of control milks was either
absent or less than 10 units per liter. Harris and Bunker ( ’39) pooled
15 gallons of human milk, collected during the winter and estimated
that the amount of vitamin D present was about 4 I.U. (and less than
10 I.U.) per liter. Our control values and in fact all those recorded for
“normal” values of vitamin D in mother’s milk disagree with the high
amounts, namely, an average of 60 I.U. per liter, recorded by the English
workers Drummond, Gray and Richardson ( ’39)

Snpplcmentatioii dxirhg pregnancy

Beginning as early as the fifth month of pregnancy and continuing

to term, thirty mothers each received a total of from 32,000 to 480,000

I.U. of vitamin D in the form of fish liver oil. The following groups have

been arbitrarily arranged: group I, 32,000 to 95,000 I.U.; group II,

128.000 to 224,000; group III, 256,000 to 320,000; group IV, 416,000 to

480.000 I.U. The- results are presented in table 1 and summarized in

table 2. The striking finding in these studies is the relatively poor in-

crease of vitamin D in the milk in spite of the large amount of the vita-

min in the diet. Seven out of Uventy-seven patients receiving from

32.000 to as much as 448,000 units secreted no vitamin D in the milks.

The mean vitamin D values obtained in the milks were 10 to 62 I.U. per

quart.® Large variations w'ere observed among these samples. No

relationship was apparent between the amount secreted and the total

dose supplied except that the average amount of vitamin D in the milks

of mothers fed more than 100,000 units (table 1) before term was

significantly larger than those fed from 32,000 to 96,000 I.U. It so

happens that with this latter group (table 1) also the largest number

of days elapsed between the last dose of 32,000 I.U. and the onset of

lactation. However, even among the women fed more than 32,000-96,000

Of the twenty-seven patients tested, only three mothers yielded milks which bioassayed

20 to 35 I.U. per liter; twenty-three, from 40 to 90 I.U. per liter and one ease (no. 13) had as

much .as 180 I.U. per liter. These data are particularly high in view of the fact that the authors

stated that the dietary was the sole source of vitamin D and calculated to contain from 35 to

220 I.U. of vit.amin D daily.
n t l'

'One case (M, no. 44) is omitted from this scries. Following a total intake of 415,000 l.v-

units, only a single ounce of “colostrum" plus milk, was colleetcd. Bioassayed with only four

rats, it was calculated at 625 I.U. per quart. Unfortunately, this patient had poor breast

function and it was impractical to obtain further samples.
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TABLE 1

The effect of tiJnmm U fl<?>ntnistr«lion during pregnancy on the tKamfn

D content of httmon millc.

BATS EUtPSFp!

CASE
NO.

PERIOD DimUfO
' PREGNANCY
^V^^EN VITAMIN

' 0 WAS SITPEIED

TOTAE VlTAVtlN
D TED

AFTER UlST
VITAMIN 0

)

IKTAES AND
ONSET or f

UAnOR

VITAMIN D RECOVERED
IN MIEK

UR.P. XI units.! A\prQge mi. . U S.P. XI units
ilonths (Eacti dQ«e i»<iuAis

llafi
tniilc fed to i

Tifatnin D per
32,000 units)

1

1
rst liter of mdk

I. 32,000 to 90,000 units vitamin D administered during pregnanipy

I'S-P

'

j

04 ) 32,000 71 11 21
~

31

19-R
j

7 32,000 59 7 23 0 to trace

20-1)
;

Labor 32,000 1 10 ' 26 91

21 -A Labor 32,000 1 10 28 216

22-K 5J to 53 64,000 98 12 31 0 to trace

23-M to 73 96,000 36 10 40 40

24-N 63 to 7* 96,000 46 6 32 0 to trace

25-L ! Oj to 7 96,000 19 7 36 0 to trace

20-0 7 to "i’ 96,000 45 5 28 0 to trace

224,000 units vitamin D Administered during pregnancy

'27-L 7i to 83 128,000 6 11 39 32

28-R i 73 to 8i 160,000 10 11 36 109

29-S 74 to 83 100,000 21 4 40 25

30-A 53 to 73 160,000 33 13 30 (» to trace

31-B 7! to 83 160,000 10 6 28 10

32-M 73 to 84 160,000 15 10 32 43

33-V 73 to 83 160,000 9 5 29 93

192,000
34-L 73 to labor (iniluding 32.1100 1 .1 12 148

in Inbor)

35-B 73 to 83 224,000 6 1 8 31 140

36-M 7 to 83 224,000 S 12 22 26

III. 256,000 to 320,000 units vitamin D administered during jircgnancy

37-k r to 83
1

256,000 1 10
,

8
'38

[ 53

38-S
1

CJ to 83 1 256,000 6 i 10 30 I 23

30-M ' 63 to 83 256,000 8 8 21 61

40-W 53 to 84 288,000 12 13 23 150

41-S 54 to 84 320,000 13
6

7

8

32 .
19

IV. 416,000 to 480,000 umts vitamin D ailmjnistCTPd during jiTPgnani'y

42-T
j

C to SI
j

!

416,000 7
9

10

1
32

8
22

43-B
, 55 to Si 1 416,000 17 10 4 138

44*M 5} to S3 416,000 9 4 8 625

45-A 54 to 84
1 416,000 12

5 8

24
42

46-G yj to 9 448,000 8 10 8 0 to trace

47-S 5 to 8} 480,000 7 8 24 92

48-B 41 to 8 480,000 30
5

3

16

4
24
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units there is also no apparent influence of the length of the period
between the last dose and beginning of lactation.

When the dose was given precisely at> labor, the factor of time is

significant with reference to the enrichment of the milk. Thus, case D
(no. 20) and case A (no. 21) secreted 91 and 216 units, respectively, of

vitamin D per quart of milk following a single dose of 32,000 units during

labor. Such levels were not realized in eight mothers who received four

to fifteen times this dose during pregnancy, the last dose (32,000 units)

being administered as long as 10 days before the onset of labor.

TABLE 2

summary of cxpcrimennt.

SUrPIAJIHNTATIOX
rKition OP
VlTAJltK D

TOTAI.
CASE8

total iktake or
VITAMIN D

VITAMIN D SEOEETED
PEE LtTEE or MILK
(AVERAOE OP PinsT

WEEK’S COLLECTION)

Lowest
rship

VITAMIN D
ABSENT IN

MILK
Hichest
value

Aver-
nge

I

U.S.P. XI Units U.S.P. XI Units
I

Normnl diet only
(controls)

,

1

32,000

7 to

i 06,000

128,000

„ I
.0

Botween
!

. to

5 til and Otli 1

224,000

montli of
j

256,000

pregnancy i

5 to
I 320,000

j 416,000

0 .
to

,
480,000

7.0

1

From 7th month
;

to term

1

t

1

192.000

(including

32.000

during labor
1

During
J

1

91
tLabor only

(24 hours)

0
,

32,000

During Labor 320.000

125
to first 9 days

|

7 to

after delivery
|

400,000

4U

40

148

ir,G i

138

216

583

10

53

62

53

148

153

310

Total
eases

0
!

to
j

' 18

trace
)
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Patient L (no. 34), who received a total of 192,000 I.TJ. of vitamin D
between the seventh month to term, including 32,000 units during labor,

produced a milk containing 148 I.TT. per quart. It is our opinion that

the last dose supplied in labor rvas largely responsible for the quantity

recovered.

Post-natal supplementation of vitamin D

Seven patients were given daily doses of 40,000 LU. of vitamin D
by capsule beginning during labor and continuing through the first 7

to 9 days of lactation. The capsule was fed about 6 p. it., and the milk

samples were collected about 13 hours later. As seen in table 3 these

TABLE a

Group V whioh received 320,000 to 400,000 l-V. of titomfn J) beginninff tvUh labor

and Mnftnttinp during taciation.

CASE
KO,

TOTAt VrrXMlN T) I

TEO
1

VlTAMtH D RSCOVEBED
IN Mll/JC

t7 S.P. XI UmtA
i

i Total ml.
! U S P. IX Units

<1 dose equals milk fed tn rat
j

ritanln 3> per
40,000 units) darise ^inassajr

j
liter ofirnlk

49 -M 320,000
8

'
1

32
125

11 ' 30

50-G
:

330,000
7

11

1 32

t
16

250

Sl-W 360,000 9 ! IG 332

52-K
"

300,000 10 16 15G

53-S 300,000 8
1

^6 312

54-B 400.000 • 9 ! 16 438

5j-G 320,000
14

.
12

583
9

i

patients secreted milks containing from 125 to 583 I.U. of vitamin D
per quart. The mean value of 310 I.U. corresponded to a mean intake

of 348,000 units in the form of fish liver oil. Although the average

quantity recovered was low, the mean value is five to six times higher

than the means for mothers supplied the vitamin during pregnancy

only (table 2).

Balance study with patient G, no. 55

On a 23-year-old negro patient (G, no. 55) of the last group described

vitamin D was determined in the milk, blood and stools. Following a

daily intake of 40,000 I.U. of vitamin D for 8 days, beginning with
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labor, tlio amount recovered in the milk when bioassayed at 1.5 and
0.75 ml. levels, was 666 and 500 J.U-. per quart. Blood samples^ taken
approximately 14 hours after the dose on the fifth and ninth days,

contained 393 and 384 l.XJ. per 100 ml., re.spectively, as compared with

the 118 I.U. found in the pre-test specimen. (Warkany and Mahon, ’40,

bioassayed sera of 155 normal humans and reported a range from 66 to

165 LIT. per 100 ml.) The pre-test stool contained no vitamin D; those,

collected as quantitatively as practical until the end of the ninth day,

totalled 22,820 I.U. of vitamin D. The data are summarized in table 4.

We observed the following recovery values of the ingested vitamin I)

for case G (no. 55)

TABLE 4

Balance stiuh/ of vitamin T) in ca/te no. 55 (.<icciinilipara ; colored; 60 l-ij.; age 33 ycurx).

V.K r. XI VNITP VITAMIN D HKCOVEnKn

ntvr.s DAILY
l‘O.ST' BY CAPSUU: Mill: Blood 1 Stool

•tO.OOO v.P.r.

XT TJNITSr»ATK
Unitfi per
pooled
output

VITAMIN n Units Kills per Kalf
per liter lesteil liter !c«ted tested

p/23/42 A. M. (Inhor)-O
tp

IISO 3 0
' 4

P/23 G P. J[.
!

40,000 1

P/24 40,000 2900 10

P/25 40,000
10P/2G ; 40,000 42.50

P/27 40,000 GOO 14 3930 > 12

P/28 40,000 and 10310 ,

10

P/29 40,000 uS3 9 (9/27/42)

.V30 40,000 38.50

'

12 4S20 11

10/1
j

0 (10/1/42)

^ About 14 hours .nfter oiipsule was given.

(a) In milk, 1.3%, assuming 1 quart is secreted in 24 hours and de-

ducting the amount given by a theoretical pre-test milk haidng a liberal

level of 50 I.U. per quart.

(b) In stools, 6.9%, assuming that this is the total which was not ab-

sorbed, that no changes (due to bacterial elfects) occurred in passage

through the tract, and that the blood contributed none of this amount.

(c) In the blood about 14 hours after the dose, 36.5% ;
assuming 90 ml.

of blood per kilogram body weight (Best and Taylor, ’39) and deducting

the quantity found in the pre-test sample.
_ , i .•+

From these values, it is obvious that a large part of the ingested vi -

amin D is unaccounted for.



VITAMIN D IN HUMAN MIUK 459

DISCUSSION OP BESUMS

After reviewing papers reporting tests where mothers were fed

vitamin D in the form of fish liver oil during pregnancy ’ it was con-

cluded tliat perhaps larger amounts than those fed are necessary to

increase the content of vitamin D in human milk. We supplied, there-

fore, significantly higher levels of the vitamin during pregnancy, and

were not successful in seven out of twenty-seven cases. Slilks were

enriched with vitamin D in every case when doses of 32,000 to 40,000

I.U. were given during labor or thereafter. As early as 1924, Hess and

Weinstock observed rickets in fifteen out of twenty-eight babies horn

of mothers who received a total of nearly 16 ounces (estimated to he

about 37,000 I.TJ.) of cod liver oil in the eighth and ninth months of

in'cgnancy. -Moreover, when 1000 I.U. of vitamin I) as halibut liver oil

were supplied daily to six English mothers during the latter half of

pregnancy, the subsequent milks were not appreciably richer- in the fac-

tor than those of control subjects (Drummond, Gray and Richardson,

’39). Apparently, the capacity to transfer the vitamin D of fish liver oil

to breast milk is quite limited. Nevertheless, the possible beneficial

effects on both mother and fetus, e.g., improvement in the Ca and P
retention, should not be overlooked (Maey et ah, ’30; Liu and co-

workers, ’41). In our study with patient G (no. 55) who ingested 40,000

I.U. of the vitamin daily beginning with the onset of labor, it was found

that approximately 1.37o of the ingested vitamin was accounted for in

the milk; and in two patients (D, no. 20 and A, no. 21), fed a single dose

of 32,000 I.U. during labor only, about 0.3 and 0.7% was similarly

secreted.

Seven references were found in the literature to studies in which

attempts were made to increase the vitamin D level of cows’ milk by
feeding fish liver oil specifically.

The early workers (Lesne and Vagliano, '24; Wagner and Wim-
berger, ’25; Golding and his coworkers, ’26, ’28; Both, ’34) did succeed

in increasing somewhat (units omitted) the vitamin D of cow’s milk by
feeding cod liver oil. Steenbock et al. ( ’30) supplied a cow daily for

over 2 years, 180 gm. of cod liver oil (about 9700 I.U.) and found that

the antirachitic properties of her milk was not improved over that

yielded by control cows. By employing daily massive doses, Krauss,

Bethke and Wilder ( ’33) were more successful in raising the vitamin D
content of the bntterfat. We calculated from their data a recovery of

about 0.8 to 1.6% of the ingested vitamin D in the milk.

* A bibliography u-ill be jubmittetl on request.
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of vitamin D per gram of fresli liver at the end of this time.” Guerrant
et al. ( ’38) fed calves cod liver oil and irradiated yeast for as long as
7 months and are in agreement with the above workers. Heymann ( ’37)

using rabbits found tlmt various tissues retained vitamin D for several

weeks following a single dose of 200,000 U.S.P, units of viosterol in oil.

Likewise, klorgan and Shimofori (’43) fed dogs 200,000 LIT. per kilo-

gram body weight accounted for less than 10% of the ingested vitamin

D in the tissues. Similar findings were reported by Eemp ( ’41) using

rachitic rats. Following a single dose of 100 I.U. of crystalline vitamin

Do, from to I of the amount administered remained in the body of

the rat at the end of 24 hours. After 10 days, only 5 to 10% was found

in the body. Small and relatively constant amounts of the vitamin (quan-

tity not stated) were observed in the feces duriiig these periods.

Studies of vitamin D retention in Jnunan tissues have been done

on only four children to date, -these being given large amounts of vita-

min D from 3G hours to 2G days before exitus (VoUmer, ’39, ’41; and

Windorfer, ’38). In spite of the massive quantities (over a million units)

supplied by Yollmor to throe of these cases by intramuscular injection,

the recovery of the vitamin in the tissues studied was- inappreciable.

Windorfer (’38) fed 15 mg. (GOO,000 I.U.) of vitamin D;:. (irradiated

ergosterol) to a baby- with jjneunionia 2 weeks before death and found

only 3.3% in the Ijrain, 4% in the kidney, and traces in liver and intes-

tinal tissues using the coloi'iinetric procedure of Brockman.

Although it is known that the concentration of vitamin D in the

blood stream governs the amount secreted in the milk (cow’s), the-

processes involved are a matter of speculation. Thus far, for humans,-

we do not know the limits of this secretion, nor the minimal amount

of a given source of the vitamin which will just raise the vitamin D

level of human milk.

That the medium contaijiing the vitamin plays a significant role in

the effectiveness of vitamin D has been rvell established (Lewis, ’35, ’36;

Greaves and Schmidt, ”34; Shelling, ’37; Supplee et al. ’36). Hess,

Lewis, McLeod and Thomas (’31) found that irradiated yeast induced

a more potent milk per unit of vitamin D fed than viostei'ol. Bussell et

al. ( ’34) successfully increased the vitamin D level of cow’s milk beyond

that incurred by the feeding of irradiated ergosterol in oil when 0.75%

hydrbquinone was added. Thus the problem of increasing the vitamin

D content of the milk as secreted still remains an open field for further

study.
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SUMMARY

1. The vitamin D level in the milks of eighteen mothers who re-

ceived no preformed sources of the factor in the dietary diu'ing preg-

nancy vras inappreciable, ranging from traces to less than 10 I.IT. per

quart. Three cases showed values of 17, 28 and 40 I.U. per quart.

2. The average vitamin D content per quart of milk of mother sup-

plied during the latter half of pregnancy was as follows

:

(a) 10 I.U. for seven mothers given from 32,000 to 96,000 I.U. of

supplement.

(b) 53 I. U. for nine mothers given from 128,000 to 224,000 I.U. of

supplement.

(c) 62 I.U. for five mothers given from 256,000 to 320,000 I.U. of

supplement,

(d) 53 I.U. for six mothers given from 416,000 to 480,000 I.U. of

supplement.

3. Two mothers given a single dose of 32,000 I.U. during labor se-

creted milks from 3 to 8 days later, which bioassayed 91 and 216 I.U.

per quart (0.3 and 0.7%, respectively, of calculated recovery). Seven

women supplied 40,000 I.U. of vitamin D daily from labor to about 10

days later yielded milks, the vitamin D content of which averaged 310

I.U, per quart (range 125 to 583 1.U.).

4. It is concluded, therefore, that for the purpose of fortifying

human milk with vitamin D for infant use, supplementation of the

mother with fish liver oil during pregnancy is not a practical method.

Other beneficial effects on mother and fetus are not overlooked, however.

Vitamin D must be taken just prior to or during lactation in order to

enrich the milk with the factor appreciably.

5. The minimal dose of vitamin D which, when added as a supple-

ment to the mother’s basal diet, will yield a satisfactory increase of

vitamin D in her milk has not been determined.

6. In an 8-day balance study a patient who received '40,000 I.U. daily

in the latter group secreted about 1.3% of the ingested vitamin D in

the milk and 6.9% in the stools. Approximately 36% of the factor was
accounted for in blood samples taken about 14 hours after the do.so.

It is presumed that the vitamin D of fish liver oil was very efficiently

absorbed, the larger proportion, however, having been inactivated or

destroyed very rapidly.
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In previous communications (Lewis et al., ’39, ’42) wo have reported

that the minimum ^dtamin A requirements in infants are of the same
order of magnitude as in rats, namely, 20 to 35 U.S.P. units per kilogram

of body weight. This level of vitamin A intake is adequate for fairly

good growth and prevents the development of xoropthalmia and other

gross manifestations of vitamin A deficiency. However, in order to

obtain optimal blood levels of vitamin A and good storage in the liver,

the requirements for vitamin A are increased several fold.

The present study was undertaken to obtain information on the

relationship of vitamin A intake to growth, blood concentration of

vitamin A and liver storage in young calves.

PLAN OP EXPERIMENT

Twenty-six Grade Holstein calves, male and female, 2 to 9 days old

were placed on a diet nearly devoid of vitamin A in order to deplete

their stores of this vitamin. At first they were fed skimmed milk and

when they wore able to ingest .solid food, they were given the following

ration; ground barley 27 parts, linseed oil meal 23 parts, wheat mid-

dlings 11.5 parts, oat mill feed 40 parts, ground limestone 3 parts, salt

0.5 parts and irradiated yeast 0.1 parts. This low vitamin A ration is

a modification of the one described by Boyer and his co-workers (’42).

Skimmed milk was discontinued when the calves were IG weeks of age.

The calves were housed in a separate building and were allowed to run

in dry lots when the weather was favorable.

The animals were weighed twice a week and when a cessation in gain

in weight occurred they were divided into six groups, each group con-

sisting of four calves. Thirty-two, 64, 128, 256, 512 and 1024 U.S.P. units

* Tills stucly was aided by a grant from tbc Borden Company.
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of vitamin A per kilogram body weight were fed to each of these groups,
respectively. The daily dose of vitamin A was adjusted weekly to the
weight of each calf and was given in a capsule. The vitamin A supple-
ment was obtained from shark liver oil and contained 50,000 units of
vitamin A per gram. The animals on the lowest vitamin intake were
tested for night blindness throughout the entire experiment.
Blood samples for vitamin A determination were taken from each

calf at the end of the depletion period and at approximately monthly
intervals while receiving the vitamin A supplement.

Tivo calves in each group received the supplement for 4 and 8 months,

respectively, and were then sacrificed. Vitamin A analyses w-ere carried

out on the livers and histological examination of the various organs

were made on those animals receiving the smallest amounts of vitamin

A in order to determine whether there were any histological evidences

of vitamin A deficiency.

The methods of determining the vitamin A in blood and liver were

based on the Carr-Price reaction and have been the same as were used

in previous investigations (Lewis et ah, ’39, ’42),

For the most part, the calves appeared healthy and continued to grow

after the vitamin A supplement feeding was started. The chief difficulty

experienced was a low grade type of pneumonia, which a number of

the calves contracted while being depleted. The first two calves to

show signs of depletion died of pneumonia. Twm calves started in

group I died after 2 and 3 weeks on supplement, and one in group V

after 2 weeks on supplement. All of these calves were replaced and their

records do not show in the data reported. Four calves, no. 415, group

I; no. 416, group II; no. 427, group III and no. 431, group Y, showed

some evidence of pneumonia but survived after treatment with sulfa-

pyradine. Calf no. 431 wms treated for pneumonia on three different

occasions, and it is questionable whether the data on this calf should

be included in the averages for the group. For this reason, the data on

calf no. 431 were eliminated in the computation of the averages of the

gain in weight and blood levels in group V. Of the twenty four calves

wffiich wmre killed at the completion of their feeding period, thirteen

showed some post-mortem evidence of having had pneumonia. Some

of the calves developed diarrhea during the depletion but this symptom

disappeared quite promptly after vitamin A supplement was given.

RESULTS

A comparison of the rate of growth of the various groups of calves

may be observed in figure 1. It ^vill be noted that there Avas no signifi-
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Fig. 1 Growth curves of groups of calves fed varvous aiuounts of vitaiuin A.
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of vitamin A per kilogram bodj' weight were fed to each of these groups,
respectively. The daily dose of vitamin A was adjusted weekly to the
weight of each calf and was given in a capsule. The vitamin A supple-
ment was obtained from shark liver oil and contained 50,000 units of

vitamin A per gram. The animals on the lowest vitamin intake were
tested for night blindness tlu-oughout the entire experiment.

Blood samples for vitamin A determination were taken from each

calf at the end of the depletion period and at approximately monthly
intervals while receiving the vitamin A supplement.

Two calves in each group received the supplement for 4 and 8 months,

respectively, and were then sacrificed. Vitamin A analyses were carried

out on the livers and histological examination of the various organs

wmre made on those animals receiving the smallest amounts of vitamin

A in order to determine whether there -were any histological evidences

of vitamin A deficiency.

The methods of determining the vitamin A in blood and liver were

based on the Carr-Price reaction and have been the same as were used

in previous investigations (Leivis et al., ’39, ’42).

For the most part, the calves appeared healthy and continued to grow

fter the vitamin A supplement feeding was started. The chief difficulty

\ -perienced was a low gi'ade type of pneumonia, which a number of

the calves contracted while being depleted. The first two calves to

show sigms of depletion died of pneumonia. Two calves started in

group I died after 2 and 3 iveeks on supplement, and one in group V

after 2 weeks on supplement. All of these calves were replaced and their

records do not show in the data reported. Four calves, no. 415, group

I; no. 416, group II; no. 427, group III and no. 431, group V, showed

some evidence of pneumonia but survived after treatment with sulfa-

pyi’adine. Calf no. 431 was treated for pneumonia on three different

occasions, and it is questionable ivhether the data on this calf should

be included in the averages for the gi-oup.' For this reason, the data on

calf no. 431 were eliminated in the computation of the averages of the

gain in weight and blood levels in group V. Of the twenty four calves

which -were killed at the completion of their feeding period, thirteen

showed some post-mortem evidence of having had pneumonia. Some

of the calves developed diarrhea during the depletion but this symptom

disappeared quite promptly after vitamin A supplement ivas given.

RESULTS

A comparison of the rate of growth of the various groups of calves

may be observed in figure 1. It will be noted that there was no sigm
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or was merely coincidental. Additional data ivould be required to clear

np this question.

The relationship of the vitamin A intake to the concentration of

vitamin A in the blood is sho-wn in figure 2. It vrill be observed that

there v;as a direct correlation bet-ween the vitamin A intake and the

Wood level until 512 units per kilogram of body -weight -were given, at

which intake, maximal concentrations of vitamin A -were obtained.

Thus, (table 1) the average Wtamin A concentration in calves of group

I -was 27 units per 100 ml. of plasma, in group II, 42 units, in group lU,

55 units, in group IV, 60 units, in group V, 77 units and in group VI,

78 units.

TABLE 1

rifamin A conccntrfltwn in the blood of calves receiving variou* tntafcfi of n'tomin A.

csocr

TITASIIN’ A JJ4TAXB
P£B 2:rZ/(MRAU
BQtJTvnianT
(u.s.p. rsiTa)

so or
CALVCS

riTAUIX A ttTEL
PEB 100 UL

BLOOD PIaAKMA
tV.S.P. CKtTS)

At-erace R30«

1 32 4 27 24-27
o Q4 4 42 25-61

3 128 4 55 45-71

4 25C 4 DO 45-59

5 512 3 77 75-79

C 1,024 4 7S 73-90

In table 2 the relationship of vitamin A intake to storage in the liver

is recorded. It "will be noted that there is considerable variation in the

degree of storage among animals recemng the same intake of vitamin

A. Of seven animals receiving either 32 or 64 units per kilogram of

body -weight four bad no storage and the remaining three had slight

to moderate amounts of vitamin A in their livers. In the group of ani-

mals receiving 128 units per kilogram of body -weight, all four animals

had some storage of vitamin A although the amounts -were rather small.

On the other hand, moderate stores of vitamin A were obseiwed in the

livers of most animals receiving 256 and 512 units, and large amounts

of vitamin A were found in three of the four animals receiving 1024

units.

DISCUSSIOX

The results of this experiment indicate that an intake of 32 units of

vitamin A per kilogram body weight just about covers tlie minimum
requirement for young calves. At this level of feeding the calves grew

fairly well although not to the same extent ns those receiving larger

amounts of vitamin A. There was no evidence of niglit blindness in
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tliree of the four calves in this group and histological examination
revealed none of the characteristie changes of vitamin A deficiency,

namely, metamorphosis of the epithelium into keratinizing stratified

squamous epithelium. These observations on the minimum vitamin A
requirement of calves are in agreement with those of . Guiliiert, Miller

and Hughes ( ’37) who found that 6 to 8 ag. of vitamin A (24 to 32 XJ.S.P,

units) per kg. per day represent the minimum requirements for cattle,

swine and sheep.

TABLK 2

Iiclalionship of vitamin ji intahe to liver storage.

VITAMIX A INTAKK
PF.R KlIiOGRAM or
BODY WKiniTT

CALr KO.
VITAMIK A tJKiTS
PKR 3 00 OM. OF

T.TVFIt

VITAJIIK A UKITS
IK THE VTHOLE

LIVER

403 0 0

415 - 040 17,433
32

422 0 0

425 1,000 31,088

401 150 6,129

6i 406 0 0

424 0 0

410 280 15,890

402 r,80 18,432
32S 410 020 11,959

427 580 13,821

412 1,200 45,343

23,0 423 1,000 47,070

428 3,840 78,450

413 1,390 64,070

512 408 2,620 95,158

421 440 11,479

414 1,650 69,283

407 12,000 457,032

1,024 420 7,300 132,568

430 230 4,546

The amount of vitamin A required for optional growth was 64 units

per kilo whereas an intake of 512 units was necessary to bring about

maximal concentrations of vitamin A in the blood plasma. Modm-ate

storage of vitamin A in the liver resulted in those calves receiving

256 and 512 units per kilo and considerable amounts of vitamin A were

obtained in the group receiving the highest intake of vitamin A, namely

Boyer and his co-workers ( ’42) report a vitamin A intake of 14 Mo-

per kilogram to be border line and 18 gg. as adequate in young calves.
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Assuming that 1 ug. of vitamin A is equivalent to 4 U.S.P. units, the ade-

quate level of 18 ng. corresponds quite well with the level of 64 units fed

to group 11 which we found to he adequate for maximum growth. How-
ever, our results show that these intakes of vitamin A will not provide

for maximal blood levels or significant storage in the liver.

From a practical standpoint it would seem desirable to feed calves a

level of vitamin A which would allow for at least a moderate degree of

storage. The results reported herein indicate an intake of 250 IJ.S.P.

units per Idlogram or 11,000 units per 100 pounds of live weight is

required for this purpose.

The observations in this investigation are of special interest when
compared with those reported by Lewis and his eo-workers ( '39, ’42)

in their experiments on the vitamin A requirements in infants and in

rats. They found that the minimum requirements in infants as judged

by dark adaptation was of the same order of magnitude as in rats,

namely, 20 to 35 units per kilogram body weight. At this intake the

infants grew fairly well and appeared normal in every way. However,

the vitamin A concentration in the blood, at this level of intake, was
found to be abnormally low. Maximal blood concentrations were ob-

tained in infanta as in young rats when the vitamin A intake was ap-

proximately twenty-five times the minimum requirements. In their

experiments on young rats a fair degree of storage in liver occurred

when the feeding was twenty-five times the minimum requirement and

good reserves were noted in the livers when the intake Avas fifty times

the minimum requirements.

The data reported in the present communication indicate that in

young calves maximal blood,levels of vitamin A occurred with an intake

of sixteen times the minimnin requirement. The storage in the liver

was moderate when the amount of vitamin A fed was eight to sixteen

times the minimum requirement; large stores in the liver were noted

when the intake rvas tiiirty-two times the minimum requirement. Thus,

in general, the same situation occurs in calves as in I'ats and in infants

Avith respect to the relationship of A'ifaiiiin A intake to groAvth, con-

centration of A’itamin A in the blood and Ib'er storage. Small amounts

of vitamin A bring about good gvoAA’th Avhereas considerably larger

amounts are required for maximal blood levels and good liver storage.

In this connection it is of interest to mention tiiat only one of four

calves recoh’ing the Ioav intake of 32 units per kilogram body AA’cight

exliibited night blindness. AVe haA-e proA-ionsly demonstrated that the

retinal requirement for vitamin A is very Ioav and that Avith the ingestion

of small amounts of vitamin A by rats, maximal eoncentrations of
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vitamin A were obtained in the retinas even tbongii the blood levels
were low and the liver reserves were nil. It was therefore not surprising
to find that three of the four calves receiving 32 units of vitamin A had
normal dark adaptation despite the fact that the vitamin A concentra-
tion in the blood was very low. From a practical point of view, the
blood level of vitamin A is a more sensitive indicator of the vitamin A
status of the organism than is dark adaptation, as the latter becomes
impaired onW when the deficiency is of a more advanced degree.

SUaniAIiY AND CONCLUSIONS

Six groups of four calves each were fed various levels of vitamin A,

ranging from 32 to 1024 U.S.P. units per kilogram of body weight per

day. Data were obtained on rate of growth, blood levels of vitamin A
and liver storage.

The results indicate that 32 units per' kilogram of body weight just

about cover the minimum requirement. At this level the calves grew

fairly well and in most instances showed no evidences of night blindness.

However, the blood concentration of vitamin A was low and there was

little or no liver storage.

Maximum growdh was obtained on an intake of 64 U.S.P. units per

kilo of body weight.

The concentration of vitamin A in the blood was proportional to the

intake until 512 units were given at which level maximal blood con-

centrations Avere obtained.

Liver storage of vitamin A was quite variable. The majority of the

calves receiving 64 units per Idlogram or below showed no liver storage.

In general, liver stores were quite low for calves receiving 32, 64 and 128

units per kilogram, whereas modei'ate amounts of vitamin-A were found

in the livers of those fed 256 and 512 units and large amounts in the 1024

units group.

Prom the standpoint of both growth and liver storage the daily

intake of vitamin A for young calves should be about 250 U.S.P. units

per kilogram of body weight or 11,000 units per 100 pounds of liver

weight.

The vitamin A requirements in calves are of the same order of

magnitude as in young rats and in infants.
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Eeceiit evidence lias been presented which indicates tliat vitamin C
is related to normal reproductive function.

In their studies on vitamin C-gonadotropic hormone relationships,

Brb and Andrews (’42) found a 42 to 67% reduction in the plasma as-

corbic acid concentration of dairj' bulls within 24 hours after the injec-

tion of 2250 E. E. of gonadotropin. They also reported a 20 to 50% reduc-

tion in plasma vitamin C level of cows during the first 24-hour period

following the injection of 1000 to 2250 E. U. of gonadotropic hormone.
Further study by Andrews and Erb (’42) using the castrate bovine

showed that gonadotropic hormone maj- act independently of the gonads
in effecting a reduction of the plasma vitamin C level. These results

indicated that vitamin C was in some manner concerned with the utili-

zation of gonadotropic hormones.

Giedosz (cited by Di Cio and Schteingart, ’42) however, showed that

in rats the simidtaneous injection with 50 mg. of vitamin C and 25 E. U.

of pregnant mare serum gonadotropin did not effect a greater increase

in the weight of testes, ovaries or uterus than did the injection of 25

B. U. of gonadotropin alone. In a further study Andrews and Brb ( ’43)

found no relationship between the plasma ascorbic acid level and testes

iveight in young chicks, and concluded that the effects of gonadotropic

hormone are not augmented by vitamin C.

Giedosz (cited by Di Cio and Schteingart, ’42) however, showed that

larger ovaries are produced in adult rabbits injected simultaneously

wdth vitamin C and gonadotropin for 3 days than were produced in

animals injected with hormone alone. He concluded that the hormone

is more eliicient when vitamin C saturation is accomplished. These find-

ings were similar to those of Di Cio and Schteingart (’42) who used 2

to 4 months old white rats. Wliile the latter investigators showed no

‘ PubUahctl ns Journal Article no. 759 n, s., from the 5richij:on Agricultural Experiment

Station,
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The respective average ovary weights for gi’oups 2 and 3 were 1.73 and
2.3/ times as g'reat as those in group 1, and the mean ovary weight for
the animals of group 3 was 1.38 times as heavy as those in group 2. The
differences observed between groups 1 and 2 may not be significant due
to the small number of animals which survived in group 1. These data,
however are an indication that gonadotropins are effective in the vitamin
C deficient guinea pig and group 1 Avas included in the experimental set-

up for tins purpose.

TABLE 1

The effect of the low vitamin C diet, gonadotropin alone, and the comhination of vitamin C
and gonadotropin on gonad weight.

mjorr

SljPPliE>fF.>'T MAT.r.S * . rKJtAux.s * ri/ASMA VITAMIN' C "

TERMINAL
BODY

WEIGHT
Vitamin Gonado*

C tropin
Mean connd

weight
Mean ponad

weight Initial Terminal

mg. R-U. gm. mg. mg. 'A mg. Vo gm.

1 0 0 1.354 ± 0.20(10) 51 a: 8.15(3)’ 0.258(C) 0.019(6) 326

2 0 SO or 100 2.455 ± 0.18(19) 88*3.47(23) 0.318(18) 0.077(10) 312

(4 days)

3 50 50 or 100 2.478 ± 0.19(15) 121 * 7.42(17) 0.304(18) 0.517(15) 371

(7 dnys) (4 days)

* Figures in parcntlieses indicate mmiber of animals or detenninations.

’ Average values.

“ The small number of females in group 1 is actually the number that existed when the ex-

periment terminated, and is small bec.'iuse of a high rate of mortality due to scurvy. Originally

the number of animals in groups 1, 2 and 3 wijs comparable. Although the direction of the

results was the same for each of the three females in group 1, the chief comparison to be

stressed bore is based on groups 2 .and 3, i.c,, demonstrating the potentiation of the effects of

gonadotropins by vitamin C.

Although the supplementation of the diet of male animals with

ascorbic acid did not potentiate the effects of gonadotropin, these data

indicate a marked synergistic relationship involving the plasma vita-

min C concentration and gonadotropic hormone in female guinea

pigs as indicated by the increased gonad Aveights of the females in group

3 as compared to group 2. •
.

The Aveight of the gonads and the initial and terminal plasma vitamin

C values for groups 4 and 5 are shown in table 2. A comparison of these

data with those for group 2 in table 1 shows that the average ovaiy

weight of guinea pigs Avhich Avere normal Avith respect to plasma ascorbic

acid concentration and which were injected Avith gonadotropin was

greater than in similar animals recemng the basal diet and gonado-

tropic hormone alone. The addition of 50 rag. of vitamin C daily for .)
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days to noi’mal guinea pigs did not increase the effectiveness of gonado-
tropins.

It will be noted that the terminal ascorbic acid values for group 4 are

lower than the initial values and that in group 5 the addition of extra

vitamin C did not produce teiminal values comparable to those ob-

tained in group 3. These, however, are average values and the lower

terminal values are a result of the fact that 2 mg. of vitamin C per day
in the ration failed to maintain the plasma ascorbic acid at comparable

levels in all animals in these two groups.

Effect of gonadotropin on guinea pips trtt/i nor?nfll /tlfisnm vifaintn C coneentrntiov.

9vrrLr.Mr.NT MAt.ES ‘ PKMAl.ES • PtABMA VITAMIN C *
TESMINAI.

Vita- Gnnado- Mean gonad
OROUP mm C tropin weight

Mean gonad
•weight

Initial Terrainnf
BOOV

tVtlOflT

mg iZ P tjm

4 2 50 or 100 2.134 ± 0.29(10)

(daily) (4 d.tys)

mir

134 ± 13.19(7)

mg

0.234 (9)

mg <7e

0.127(6)

17 tn.

420

5 2 50 or 100 3.170 ± 0.57(4)

(daily)
; (4 days)

50

(9 days')

117 ± 7.02(11) 0.228(8) 0.326(G) 382

' Figures in parentheses indicate number of animals or determinations.

’ Average values.

DISCUSSION

Inasmuch as the failure of other investigators to show an augmenta-

tion of the effects of gonadotropin by ascorbic acid may have been due

to the use of experimental animals capable of ascorbic acid synthesis,

the guinea pig was chosen as the test animal for this study by virtue

of its inability to synthesize vitamin C. It seemed logical that the ef-

fects of the vitamin on gonadotropin utilization could be interpreted

more conclusively in the guinea pig since this animal may be readily

depleted or maintained at various vitamin C levels. In the first three

groups receiving the low vitamin C diet, scorbutic symptoms accompany-

ing a decreased plasma vitamin C concentration were manifested after

a period of 3 to 4 weeks. Although a great response to the supplemen-

tary vitamin 0 was demonstrated by depleted females injected with gon-

adotropin, no noticeable potentiation was found in the males. This may
be explained partially by a greater resistance to vitamin C depletion

as evidenced by lack of marked scorbutic symptoms in tlio males as

compared to the females.
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^

The augmentation effects of ascorbic acid observed in female guinea
pigs in this study offers support to the results obtained ivitb rabbits
and rats reported by Giedosz (cited by Di Cio and Schteingart, ’42) and
Di Cio and Scbteingart ( ’42), respectively. The failure of Andrews and
Erb (’43) to show tbe potentiation of gonadotropin effects by ascorbic
acid in male chicks may be attributed to a sex as well as a species dif-

ference relative to tbe ascorbic acid-gonadotropin, synergism. Almquist
and Andrews ( ’43) also failed to duplicate the results of Di Cio and
Scbteingart ( ’42) with rats. It is difficult to offer an explanation for this

discrepancy in results when tbe latter species was used.

Tbe augmentation of tbe effects and tbe utilization of gonadotropic
hormone produced by vitamin C appear to vary with sex as well as

species. Tbe difficulty commonly encountered in tbe treatment of ster-

ility in various animals wdtb gonadoti-opins might be attributed in part

to this fact.

SUMMARY

Gonadotropin injections in vitamin C depleted females resulted in an

average ovary -weight 1.73 times greater than in depleted females not

receiving gonadotropin injections. The addition of vitamin C further

increased the gonadotropic effects and produced ovaries 1.38 times

heavier than in those receiving gonadotropin alone.

Tbe injections of 50 or 100 R.TJ. of gonadotropin into vitamin C de-

pleted male guinea pigs increased the testis weight 1,81 times as com-

pared to tbe depleted guinea pigs not receiving gonadotropin. Sup-

plementing tbe basal diet -with 50 mg. of vitamin C per day, bo-ivever, did

not further increase tbe testis %yeigbt produced by gonadotropin alone.

Tbe augmentation of tbe effects and the utilization of gonadotropic

hormone caused by vitamin C appears to differ with sex as well as

species.
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In Hawaii there has been for some years a popular belief that locally

produced vegetables may be low in minerals, notably iron, and that

people residing in the Islands tend to become anemic. These erroneous

ideas probably arose because it is generally known that pineapples

grown in certain areas become chlorotic and must be sprayed with iron

sulfate. Johnson ( ’24) showed that precipitation of the iron by manga-

nese in certain soils deprives the plant of the iron required for chloro-

phyll sj'nthesis despite the presence of abundant iron. Later work
(Sideris, Young and Krauss, ’43) has proved that not only manganese,

but calcium, phosphorus and the pH of the soil play important I'oles in

the utilization of iron by the pineapple plant. Other plants growing in

the same soil with chlorotic pineapple plants do not show chlorosis.

Blood studies (Hamre, ’39) on local residents have shown the usual

range of hemoglobin and red cell counts found on the mainland. Analy-

ses of a large number of locally produced vegetables for calcium, phos-

phorus and iron (to be published elsewhere) have shown no greater

range in values than reported for other regions.

This study reports the results of iron analyses of fifteen vegetables

and two seaweeds grown in Hawaii and the availability of the iron for

the regeneration of hemoglobin in anemic rats.

EXPERIMENTAL

Bats. Young rats were made anemic by a modification of tbe Blvch-

jem and Kemmercr (’31) technique. The mothers were fed the stock

diet throughout the lactation period; but from the time the young were

xrith the Approval of the director Technical Paper no. 12“ of the Ilawaii

Agricultural Experiment Station.

* Resigned February, 1942.
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14 days old, the mothers were removed from the cages for feeding twice
a day and their coats brushed before retuniing them to the cages'with
the young. At 17 days of age the young and the mothers had access to
whole powdered milk. The young were weaned at 21 days, placed in
individual, new, rust-free, galvanized edges, and fed an exclusive diet
of whole milk powder and tap water.

As Smith and Otis ('37) had reported a greater hemoglobin response
for females than males when fed equivalent amounts of iron, only male
rats were used in our experiments. Weekly blood samples were taken
from the rats ’ tails by snipping otf a bit of the tip or by cutting a small
gash near the end of the tail with a sharp razor. Care was taken to

obtain a full-flowing sample and to stop the bleeding promptly after

the samples were taken. The average period for depletion of hemoglobin
stores was 26 days. i\Iost of the rats were depleted to a level of about

3.4 gm. of hemoglobin per 100 ml. of blood in 21 to 24 days but two litters

for undetei mined reasons took 30 and 40 duA-^s.

To determine a curve of response, one hundred male rats Avere divided

into nine groups, Avitli proper distribution of the rats from different

litters to each group, and, after depletion of hemoglobin, Avere fed

daily (except Sunday) supplements of iron (ferric chloride) for a period

of 6 Aveeks as folloAvs: 0.015, 0.03, 0.06, 0.10, 0.13, 0.17, 0.20 and 0.25 mg.

Each rat Avas also fed daily supplements of 0.05 mg. copper in the form

of a dilute solution of CuS04 and 0.04 mg. manganese in the form of a

dilute hInSOj solutioji. One group of eleAmn rats received these supple-

ments Avithout iron. Statistical analysis of the data on gains in hemo-

globin shoAved that feeding the supplements for 4 AA'eeks produced as

significant results as for 5 or 6 AA^eeks, somcAvhat better than 3 Aveeks

and definitely better than 2 Aveeks. The minimum number of rats neces-

sary to give a significant result in hemoglobin response after 4 Aveeks

of feeding Avas calculated to be nine for the procedure, and the rat

colony used. A linear regression cuvAm Avas calculated from the data

for the 4-Aveek feeding period and used as a curve of reference for the

experiments Avhich folloAved (fig. 1). Complete data for all groups of

rats used for the curve of response have been omitted from seiies 1,

table 1, in order to save space and only the data for the groups fed sup-

plements of copper and manganese Avithout iron, 0.06 rag. of iion, an

taro leaves are included.

For the final tests of the aAmilahle iron in foods, two groups ot rats

in each series received 0.06 and 0.08 mg. of iron. All groups recen e le

copper and manganese supplements. The plan Avas to ®
t,

ments for a period of 4 Aveeks. It Avas necessary to modify the pia
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of the feeding experiments when, in March, 1942, it was obvious that our
supplies of powdered whole milk were running low and all stores of

such foods in Hawaii wore being reserved for human consumption.

There were, moreover, shortages in staff and the uncertainty as to how
long research work could continue. Consequently, in order to complete

the project and utilize the rats on the experiment, the pei'iod for feed-

ing the supplements for series 5 and C was reduced to 3 weeks (see fig.

1 for linear regression curve) and for series 6 only one group was fed

0.06 mg. of iron as a positive control.

Fig. 1 Cum‘8 of response (linear regression curses for gams in grams of hemoglobin per

100 ml, of blood in relation to milligrams of iron fed daily, with supplements of eojipcr and

manganese, for 3- and 4~wcck periods).

Supplements and their preparation. All of the vegetables wore fed

in the fresh or cooked state as it was thought that drying and grinding

might adversely affect the utilization of the iron. The liniu (Hawaiian

name for all seaweeds), gathered from the seashore or rocks, were

thoroughly cleaned and washed and fed in the raw state. The vegetables

were prepared as for human consumption, discarding such portions as

old leaves, over mature beans, or lower tough stalks of aspai agus. In

the case of the white mustard cabbage, a portion of the large white

petiole was discarded in order that a smaller sample with a higlier iron

content migiit be used for feeding purposes. (The entire edible portion

of the plant contained 0.000337o of iron by one sot of analyses, whereas

the composite sample used for rat feeding contained 0.0017)0% of iron.)

Tiie %’egetables wore cooked in aluminum vessels and chopped on a

rubber chopping board with a stainless steel knife. Samples wore pre-

pared once or twice a week and stored in.glass jars in the refrigoi’ator

until fed.
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meter for raeasiiremeut of the coneentration of the solutions. The
readings of the coiorimeter were standardized with a series of acid
lieniatin solutions made from a sample of blood of which the iron content
was determined by the Wong (’28) method.
“Available” or acid-soluble iron. Many unsuccessful attempts to

determine available iron were made in this laboi-atory using the alpha
alplia-dipyridyl method and its numerous modifications (Shackleton and
-lIcCanee, ’36; Kohler, Elvehjem and Hart, ’36; Eanganathan, ’38.) We
obtained more consistent results if the acetic acid solutions were evapor-
ated and ashed and the color developed with ortho-phenanthroline than
if dipyridyl was used for development of color directly in the extracts.

For all but one of the foods studied, acid extracts were also made with

7.5% sulphuric acid.

Briefly the methods used -were as follows : Eaw or cooked food sam-

ples were ground in a special aluminum grinder. For the acetic acid

extracts, 40 to 50 ml. of 10% acetic acid were added to 20 to 25 gm. of

finely ground samples and the mixtures heated in beakers on the

waterbath for 2 to 3 hours. After adding 1 ml. of 10% hydroxjdamine

hydrochloride, the heating was continued for another hour. After

standing overnight, the samples were transferred to 50 ml. tubes and

centrifuged. The supernatant liquid was filtered off and the residue

was washed four times with 4% acetic acid followed by centrifuging.

The solutions were transferred to silica dishes and after evaporation on

a waterbath residues were ashed as for total iron with the usual pre-

cautions and customary blanks.

For tlie sulphuric acid extracts, 20 to 30 ml. of 7.5% sulphuric acid

were added to samples weighing 10 to 15 gm. The mixtures were heated

on the waterbath and centrifuged in the same way as for the acetic acid

extractions. After evaporating nearly to diyness, digestion was com-

pleted by the addition of nitric and perchloric acids. Solutions were

made to volume and iron detei’inined as previously described.

RESULTS AND DISCUSSION

The Hawaiian-grown foods studied, their total iron contents, and their

hemoglobin regenerating values as determined by bioassay are sum-

marized in table 1.

The values for total iron in six of the vegetables studied were com-

pared with values in the literature that were obtained when special pre-

cautions were taken to guard against iron contamination (Stiebling,

’32; Peterson and Elvehjem, ’28). Three of the Hawaiian-gTown vegeta-

bles- asparagus, green snap beans and lima beans- had as much iron
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as the mainland products, and two— broccoli and carrots— had slightly

less iron. The Hawaiian-grown watercress (composed of 3 to 4 inches

of stems plus leaves) contained much less iron than was reported by
these two laboratories. However, onr results compare favorably with
those reported for the iron content of cultivated watercress from West
Virginia (Stegner, ’44). The green soybeans used contained as much
iron as those grown in Illinois (Woodruff and Klaas, ’38). Eeliahle

iron figures for the total iron content of the other vegetables studied

could not be found in the literature.

The percentages of “available iron’’ determined by the two acid ex-

traction methods were in most cases very divergent and neither of them
showed any correlation with the results by bioassay. The data arc sum-
marized in table 2.

TABLE 2

ft} iron. (Expressed as percentage of total tron.)

TOQD OlOASSAY

soiVBLe
I.v 10%
ACETIC
ACID

soLvntr
itt ^ 5%

SVLPKVBtC
ACIO

^ rooo ntOASSAT Iff 10%
ACT.TtO
ACID

iEOEfstr
IK 7 S%

ACID

% % % % % %
Amaranth 32 14 99

1

Cabbage

Asparagus 6 26 86
green mustard

1

swamp
10

59

47

4

74

69

Deans
1

nbite mustard 34 33 103

Imia (green)

green snap

green soy

74

40 .

96

10

31

12

101

95

(113)
;

1 Limu Hpoa
’ (seaweed) 62 23 99

Bolcmljc 31 5 92
;

' Paiai (taro

1 corm) 93 49 92

Broccoli 52 29 99
|Taro leaves 93 4

Cowpcaa (pods) 65 13 99
Watercress 31 21 81

Carrots 17 45 (115)

On the basis of bioassays with anemic rats, nine of the foods studied

bad 507o or more of the iron in available form and seven had less than

50%. In agreement with other published reports (Sheets and Ward,

’40; Theriault and Fellers, ’42), we found fresh legume seeds to have

a relatively high percentage of available iron— soybeans 967c and fresh

lima beans 74%. The green podded legumes with seeds— cowpoas and

green snap beans— yielded lower values, 65 and 40%, respectively.

The iron in taro conns (paiai) and taro leaves was found to bo 937c

available. Both foods are important items in the diet of ancient and

modern Polync.sians.
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The green leafy vegetables, green beans, and cowpeas were steamed
for 10 to 15 minutes, without loss of liquid. The green soy beans were

cooked in boiling water in the pods for 20 minutes
; the beans were

shelled from the pods and chopped before feeding. Other vegetables—
carrots, asparagus, green lima beans (shellgd) — were cooked for

varying lengths of time until tender, Avithout loss of liquid. The cooked,

ground taro was a commercial product locally knoAvn as paiai, con-

taining about 30% solids. It was put through a coarse cloth (poi cloth)

Avithout the addition of water to remove the lumps and to make a more

uniform sample.

The quantities of the supplements fed Avere based on previous iron

analyses of local vegetables made in the department laboratory or a

special preliminary analysis. The final analyses (table 1) were made

on composite samples made up of aliquots from each lot of vegetables,

cooked, chopped and prepared for rat feeding.. These samples Avere

stored in glass- jars at a temperature of approximately 34°P. until

analyzed. Pleasured, small quantities of a 10% formalin solution AA'ere

added to the jars as an added precaution against molds. The formalin

solution A\ms analyzed for iron and found to contain negligible amounts.

The aim aa^s to feed a quantity of the food that Avould furnish ap-

proximately 0.06 to 0.08 mg. of iron in the daily supplements. In a

number of cases the quantity of iron in the composite sample, proved

to be either higher or lower than that found by preliminary analyses, so

that the amount of iron furnished in the samjde fed proved to be smaller

(limu lipeepee) or larger (Avhite mustard and green mustard cabbage)

than was calculated.

Iron analyses. In preparing the samples for analyses, every pre-

caution A\ms taken to guard against contamination AA’ith iron from out-

side sources. The samples were ashed Avithout drying. For each sam-

ple analyzed, two checks were run for the entire process from ashing to

colorimetric readings— one a complete blank, the other Avitb a known

quantity of added iron. The Saj^'ell and Cunningham (’37) method of

color development Avith ortho-phenanthroline Avas folloAimd. A Klett-

Summerson photoelectric colorimeter was used for reading the solutions.

The iron solutions for feeding Avere made from either special

ferric chloride or pure iron AAure, and the iron contents were cliec'e

by the ortho-phenanthroline method. The copper and manganese sa s

were tested for their iron contents and found to have only a trace— oo

small an amount to detect in the dilute solutions used.
_ i p e

Hemoglobin determinations. Hemoglobin was determined by
_

acid hematin method, using a IHett-Summerson photoelectric cooii-
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meter for measurement of the eoneentration of the solutions. The
readings of the colorimeter were standardized with a series of acid
hematin solutions made from a sample of blood of which the iron content
was determined by the Wong ( ’28) method.
“Available” or acid-soluble iron. j^Iany unsuccessful attempts to

determine available iron were made in this laboratory using the alpha,

alpha-dipyridyl method and its numerous modifications (Shackleton and
McCance, ’36; Kohler, Elvehjem and Hart, ’36; Ranganathan, ’38.) We
obtained more consistent results if the acetic acid solutions were evapor-
ated and ashed and the color developed with ortho-phenanthroline than
if dipyridyl was used for development of color directly in the extracts.

For all but one of the foods studied, acid extracts were also made with

7.5% sulphuric acid.

Briefly the methods used were as follows: Raw or cooked food sam-

ples were ground in a special aluminum grinder. For the acetic acid

extracts, 40 to 50 ml. of 10% acetic acid were added to 20 to 25 gm. of

finely ground samples and the mixtures heated in beakers on the

waterbath for 2 to 3 hours. After adding 1 ml. of 10% liydroxylamine

h.vdrochloride, the heating was continued for another hour. After

standing overnight, the samples were transferred to 50 ml. tubes and

centrifuged. The supernatant liquid was filtered off and the residue

was washed four times ivith 4% acetic acid followed by centrifuging.

The solutions were transferred to silica dishes and after evaporation on

a waterbath residues were ashed as for total iron with the usual pre-

cautions and customary blanks.

For the suliihuric acid extracts, 20 to 30 ml. of 7.5% sulphuric acid

were added to samples weighing 10 to 15 gra, The mixtures were heated

on the waterbath and centrifuged in the same way as for the acetic acid

extractions. After evaporating nearly to drjmess, digestion was com-

pleted by the addition of nitric and perchloric acids. Solutions were

made to volume and iron determined as previously described.

RESULTS AND DISCUSSION

The Hawaiian-grown foods studied, their total iron contents, and their

hemoglobin regenerating values as determined by bioassay are sum-

marized in table 1.

The values for total iron in six of the vegetables studied were com-

pared with values in the literature that were obtained when special pi e-

cautions were taken to guard against iron contamination (Stiebling,

’32; Peterson and Elvehjem, ’28). Three of the Hawaiian-grown vegeta-

(jjgg— asparagus, green snap beans and lima beans had as much iron
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as tlie mainlaiid products, and two— broccoli and cai-rots— had slightly

less iron. The Hawaiian-grown watercress (composed of 3 to 4 inches

of stems pins leaves) contained much less iron than was reported by
these two laboratories. However, our results compare favorably with

those reported for the iron content of cultivated watercress from West
Virginia (Stegner, ’44). The green soybeans used contained as much
iron as those gromi in Illinois (Woodruff and lOaas, ’38). Reliable

iron figures for the total iron content of the other vegetables studied

could not be found in the literature.

The percentages of “available iron” determined by the two acid ex-

traction methods were in most cases very divergent and neither of them

showed any correlation with the results by bioassay. The data arc sum-

marized in table 2.
TABLE 2

‘‘/Ivaifaiifiti/” 0/ iron. fjPijirrssed os percentage of tofni ironj

801.UBI.E 80VVIII/F. R0i>rni.F ROtrni.s

root) SIOASSAT XM I0<7b
ACETIC

IK 7 SCf
srtMivnie

^ FOOD nroissAT xn 10 9e
Acr-Tio

lU ^ 5<7e'

Aei.pi{t'Bio
ACID ACtn ACID ACIO

% % % a %
Amaraiit]i 32 14

26

99

86
j

I Cabltagc

,

green mustard 30 47 74
Asparagus 6

1 swamp 59 4 69

Beans 1
white mustard 34 53 103

lima (green)

green snap

green soy

74

43 .

90

10

31

12

101

95

(113)

! Limu Upoa

(seaweed) 62 33 99

Beleitibe 31 5 92 i

1

Paiai (taro

1 corm) 93 49 92

Broccoli 5*' 29 99
1
Taro leaves 93 4

Cowpeas (pods) 65 13 99
' Watercress 31 21 SI

Carrots 17 45 (115)
1

On the basis of bioassays with anemic rats, nine of the foods studied

bad 505?; or more of the iron in available form and seven bad less than

50%. In agreement with other published reports (Sheets and Ward,

’40; Theriault and Fellers, ’42), we found fresh legume seeds to have

a relatively liigli percentage of available iron— soybeans 9G% and fresh

lima beans 747o, The green podded legumes with seeds— cowpeas and

green snap beans— yielded lower values. Go and 49%, respectively.

Tlie iron in taro conns (paiai) and taro le.-ives was found to ho 937®

available. Both foods are important items in the diet of ancient and

modern Poljmcsians.
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t

Others have reported the iron of green leafy vegetables to be gen-
erally less available than the iron, in legumes (Sheets and Ward, ’40;

Theriault and Fellers, ’42). We found the available iron by bioassay
to vary greatly— from 93% -in taro leaves to 10% in green mustard
cabbage. Two leafy vegetables, taro leaves and swamp cabbage, had
more than 50% of the iron available, four— white mustard cabbage,
amaranth, watercress and belembe— had about 30% available and one,

green mustard cabbage, had only 10% available.

We found broccoli to have only 52% of its iron available by bioassay,

whereas Hastings, Fellers and Fitzgerald (’41) reported 71% for raw
broccoli and 94% for fresh frozen broccoli. Fresh, cooked, Hawaiian-
grown asparagus yielded the lowest value for available iron of all the

vegetables studied—- 6%. Theriault and Fellers ( ’42) report 55% avail-

able iron bioassay for quick-frozen asparagus fed in dried form.

Insufficient iron rvas furnished by one of the seaweeds (limu lipeepee,

a species of Laurencin) to make an estimate of its availability. The
quantity fed was based on a preliminary iron analysis'of a sample that

was probably not fully freed from sand. The data in table 1 for the other

seaweed, limu lipoa, indicate that the iron is relatively well utilized.

On the basis of these experiments, eight vegetables and one seaweed

appear to be good sources of iron for hemoglobin building. A number

of the green leafy vegetables commonly considered good sources of iron

were found to be relatively poor for hemoglobin regeneration in the

anemic rat.

The large gains in weight (table 1) made by our rats during the 3- or

4-week period when either inorganic iron or the food supplements

were added to the milk powder diet appear to be greater than are re-

ported by other investigators (Harris, Mosher and Bunker, ’39; Naka-

mura and Mitchell, ’43) . A portion of the iron ingested was undoubtedly

used for purposes other than blood hemoglobin as Hahn et al. (’39)

have pointed out that iron exists in many places in the body other than

red ceil hemoglobin. If gro'Nvth had been retarded by restriction of the

basal diet of milk powder, probably the increases in hemoglobin would

have been greater, but this should not have influenced the relationship of

the increases between the groups fed food supplements and the controls.

Shei'man ( ’41 )
has questioned whether the availability of iron of

foods based on studies with anemic rats has any significance for humans.

However, there would seem to be just as much justification for accepting

the comparative values for the utilization of iron in foods as for ac-

cepting the comparative vitamin values of foods (especially vitamin A

and carotene) and biological values of proteins determined by means of
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rat experiments. All such I'alues are relative and merely guides in

planning human dietaries. Moreover, since Hahn et al. ( ’39) have shovvn

hy means of radioactive iron studies that the anemic animal absorbs
iron more readily than the nonanemic one, it would appear unlikely that

the iron of foods poorly used by anemic rats would be better utilized

by normal humans.

SHmiABY AKD CONCLUSIONS

The availability of the iron in fifteen Hawaiian-grown vegetables and
one seaweed was determined by bioassay.

The mean values for hemoglobin regeneration in groups of anemic

rats fed varying amounts of the foods for periods’ of 3 or 4 weeks were
compared with those of control groups fed pure ferric chloride. All

rats were given supplements of copper and manganese.

In comparison with the utilization of the iron in ferric chloride, the

pei'centages of the total iron ai’ailable in the foods studied were found

to bo as follows
;
green soybeans 96, taro corms 93, taro leaves 93, fresh

lima beans 74, cowpeas (pods) 63, a seaweed, limu Hpoa (Halisoris pla-

giogramma) 62, swamp cabbage (Ipomoea aquafiea) 59, broccoli 52,

green snap beans 49, white mustard cabbage (Brassica cbinensis) 34,

amaranth (Amaranthus gangeticus) 32, watercress 31, belembe (Xatho-

soma brasiliense) 31, carrots 17, green mustard cabbage (Brassica

juncea) 10, and asparagus 6.

The superior quality of the iron of legume seeds for hemoglobin re-

generation in the rat was confirmed. Taro corms and taro loaves, both

important items in the diet of the Polynesians, were shown to have a

high percentage of available iron.

The percentage of the food iron soluble in dilute acetic or in dilute

sulphuric acid bore no relationship to the availability as determined by

bioassay.
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BORDEN AWARD IN NUTRITION

The American Institute of Nutrition wiil make this award in

recognition of distinctive research by investigators in the

United States and Canada which has emphasized the nutritive

significance of the components of milk or of dairy products.

The award will he made primaril}- for the publication of

specific papers, but the judges may recommend that it be given

for important contributions over an extended period of time.

The award may be divided between tivo or more investigators.

Employees of the Borden Company are not eligible for this

honor.

The formal presentation will be made at the annual meeting

of the Institute in the spring of 1946. To be considered for

the award, nominations must be in the hands of the Chairman

of the Nominating Committee by January 15, 1946. The
nominations should be accompanied by such data relative to

the nominee and his research as will facilitate consideration

for the award.
W. E. Krauss
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CHAiRJtAN, Nominating Committee
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MEAD. JOHNSON AND COMPANY
‘-B-COMPLEX’ AWARD

Nominations are solicited for the 1946 Award of $1,000

established by Mead Johnson and Company to promote re-

searches dealing with the B complex vitamins. The recipient

of this Award will he chosen by a Committee of Judges of the

American Institute of Nutrition and the formal presentation

will be made at the annual meeting of the Institute in the spring

of 1946.
'

The Award will be given to the laboratory (non-clinical)

or clinical research worker in the United States or Canada
who, in the opinion of the judges, has published during the

previous calendar year January 1st to December 31st the

most meritorious scientific report dealing with the field of the

‘ B-compIex ’ vitamins. While the award will be given primarily

for publication of specific papers, the judges are given con-

siderable latitude in the exercise of their function. If in their

judgment circumstances and justice so dictate, it may be

recommended that the prize he divided between two or more

persons. It may also be recommended that the award be made

to a worker for valuable contributions over an extended period

but not necessarily representative of a given year. Member-

ship in the American Institute of Nutrition is not a requisite

of eligibility for the award.

To be considered by the Committee of Judges, nominations

for this award for work published in 1945 must be in the hands

of the Secretary by January 10, 1946. The nominations

should be accompanied by such data relative to the nominee

and his research as will facilitate the task of the Committee

of Judges in its consideration of the nomination.

H. E. Cakter

Ifoyes Laboratory of Chemistry

University of Illinois

Urbana, Illinois

Secretart, American Institute of Nutrition
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